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ABSTRACT 
 
 The study between dietary fat intake and pork fat composition is not novel or new. 
However, details of this relationship are not characterized enough to meet pork carcass fat 
quality standards. The objective was to more precisely define the relationship between 
dietary fatty acid intake and pork carcass fat composition. Our hypothesis was that pork 
carcass fat composition will be highly reflective of fatty acid intake, resulting in daily fatty 
acid intake proving to be an accurate predictor of pork fat composition. Experiment 1 used 42 
gilts and 21 barrows allotted to 7 treatments: 3% and 6% of each of tallow (TAL; iodine 
value (IV) = 41.9), choice white grease (CWG; IV = 66.5) or corn oil (CO; IV = 123.1), plus 
a control (CNTR) diet based on corn and soybean meal with no added fat. Carcass lipid IV 
was elevated by increasing the degree of unsaturation of the dietary fat source (TAL = 66.8, 
CWG = 70.3, CO = 76.3; P < 0.001). Among fatty acids measured, only linoleic acid intake 
presented a reasonable coefficient of determination (R
2
 = 0.61). Measured iodine value 
product was of approximately equal effectiveness as linoleic acid intake as a predictor of 
carcass IV (R
2
 = 0.93 vs. R
2
 = 0.94). Experiment two used fifty individually housed pigs 
allotted to 10 treatments arranged as a 3 X 3 plus factorial for an 82 d experiment as follows: 
3 dietary fat withdrawal times prior to slaughter (21, 42 or 63d) by 3 dietary fat sources (5% 
animal-vegetable blend (AV; IV = 90.7), 2.5% corn oil (2.5% CO; IV = 122.7) or 5% corn 
oil (5% CO), plus a control diet with no added fat (CNTR) fed throughout the duration of 
trial. At market (d82) increasing the withdrawal of dietary fat further away from market 
significantly decreased 18:2 and carcass IV (P <0.01). Dietary 5% CO resulted in the greatest 
18:2 concentrations, followed by 2.5% CO; 5% AV resulted in the lowest 18:2 levels (P < 
ix 
 
 
0.01). In conclusion, limiting linoleic acid intake in daily consumption or before harvest is 
key to lowering carcass IV. 
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CHAPTER I 
 LITERATURE REVIEW 
 
Introduction 
 Ellis and Isbell (1926) first demonstrated that the composition of pork carcass fat will 
be altered by the composition and inclusion level of dietary fat.  However, the relationship is 
not fully understood, at least not to the satisfaction of pork producers and processors.  The 
need for continued refinement is due to the complexity of factors that influence the 
deposition of fat.   
 The majority of issues that arise when attempting to predict pork fat composition 
have been known since the field of animal science was starting to develop.  Fat deposited in 
the pig comes from both ready-formed triacylglycerides present in the diet and from de novo 
synthesized fatty acids from a dietary carbohydrate source (Lawes and Gilbert, 1877).  Banks 
and Hildtich (1932) made a significant contribution to the subject when they concluded that 
the composition of de novo synthesized fatty acids is highly saturated.  Therefore, a scenario 
can occur where at two different deposition rates, unsaturated fatty acids are added to fat 
depot via dietary fat, and saturated fatty acids are added to the fat depot via de novo 
lipogenesis.  Another early complexity demonstrated by Banks and Hildtich (1932) is that 
different regions of the pork carcass vary in their composition. 
 Since these early conclusions, animal scientists have discovered that the partitioning 
of energy within the pig to various body tissues is orchestrated, controlled, and regulated in 
order to support a physiological state such as growth known as homeorhesis (Bauman and 
Currie, 1980).  Thus, the composition of pork fat is impacted when homeorhesis of the 
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growing pig is altered; examples include lowering the energy intake of the pig (Bee et al., 
2002), increasing thermoregulation (Kloreg et al., 2005), or increasing lipolysis via an 
immune challenge (Yang et al., 2008).   
 Today, animal scientists have successfully found ways to increase or decrease the 
concentrations of polyunsaturated fatty acids (PUFA) in pork carcass fat and increase or 
decrease the amount of de novo lipogenesis (Wood et al., 2003).  However, while somewhat 
successful attempts have been made (Madsen 1992; Benz et al. 2011), the precise prediction 
of pork fat composition has remained elusive. 
 This review will cover the mechanisms and pathways of how lipids are deposited via 
ready-formed triacylglycerides from dietary fat and via de novo lipogenesis. Moreover, this 
review will touch briefly on the pig’s ability to partition energy (lipids and carbohydrates) to 
tissues in the body to meet the energy demands for body weight maintenance, protein 
accretion, and lipid deposition (Patience, 2012).  This will lay a mechanistic foundation for 
how various dietary treatments and environmental conditions can alter the composition of 
pork fat.  This review will also address methodologies currently employed to analyze and 
predict pork carcass fat composition. 
 
Dietary fat metabolism 
 Ready-formed triacylglycerides are digested from dietary fat.  Lipids contained in the 
diet can originate from a multitude of sources and have differing fatty acid profiles and 
degrees of unsaturation (NRC, 2012).  Animal fats (tallow, choice white grease, poultry fat) 
must be obtained from tissues of animals in the commercial processes of rendering or 
extracting, while vegetable oils are obtained by extracting oil from seeds or fruits which are 
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commonly processed for edible purposes (AAFCO, 2011).  The two categories of fats can be 
blended together to create differing animal-vegetable blends.  Cereal grains that are 
commonly included in swine diets such as corn, soybeans, sorghum, wheat, and barley also 
contain digestible lipids.  Inclusion in the diet of processed co-products or by-products of 
these cereal grains (Stein and Shurson, 2009) results in co-products with significant amounts 
of lipids.  A good example of this is high fat dried distillers grains with solubles (NRC, 
2012); the removal of starch for fermentation processes results in the concentration of fat, as 
well as other constituents in the new co-product.  An understanding of dietary fat metabolism 
is required to fully comprehend the impact of different dietary fat levels and sources on pork 
composition. 
 
Digestion of dietary lipids  
 Dietary lipids are not stored as fatty acids; instead a majority of them are stored as 
triacylglycerols or complex lipids such as phospholipids.  Some free fatty acids, 
diacylglycerols, monoacylglycerols, sterols, and waxes may be present within the diet as 
well, but in smaller quantities.  Two major issues arise due to this storage molecule: lipids are 
not at home in the aqueous environment of the digestive system as they are hydrophillic, and 
the triacylglycerol/complex lipid structure is too large to traverse the lumen of the intestine 
and be absorbed by the enterocyte (Shiau, 1981). 
 Therefore after ingestion, traveling through the mouth, esophagus, and stomach with 
very little to no digestion, the dietary lipids enter the small intestine where nearly all of the 
digestion of lipids occurs (Bergstrom and Borgstrom, 1956).  Bile salts that are formed from 
cholesterol in the liver and concentrated in the gallbladder are released when circulating 
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levels of cholecystokinin, a peptide hormone, is increased (Langlois et al., 1990).  These bile 
salts once released enter into the lumen of the small intestine when and where oil and water 
emulsion take place.  At the same time, bile salts serve as a trigger to activate the co-lipase.  
Pancreatic lipase once activated by co-lipase, enzymatically cleaves the ester bond of the 
triacylglycerol at the Sn-1 and Sn-3 positions (Borgstrom and Erlanson, 1973).  This 
enzymatic activity results in two free fatty acids and one monoacylglycerol with a fatty acid 
still esterified at the Sn-2 position.  For phospholipids, a lipase called phospholipase A2 
releases the fatty acid from the Sn-2 position (Borgstrom, 1980).  Once this enzymatic 
activity occurs, a complex of lipid material that is soluble in water called a micelle forms; it 
contains bile salts, free fatty acids, monoacylglycerol, cholesterol, phospholipids, retinoids, 
fat soluble vitamins, and other lipid constituents (Shiau, 1981).  The formation of a micelle 
solves the problem of lipids derived from the diet being hydrophilic in the aqueous 
environment of the lumen in the small intestine.  This allows for the mixed micelle to easily 
pass across the unstirred water layer as well as increase the concentration of free fatty acids, 
monoacylglycerol, and other lipid materials near the absorptive surface of the enterocyte 
100-1000 times (Westergaard and Dietschy, 1976).   
 
Absorption of dietary lipids 
 Due to a gradient that has been created by concentrating lipid material via the micelle, 
it can passively diffuse by a non-energy dependent process into the enterocyte (Johnston and 
Borgstrom, 1964).  Several proteins can increase the uptake of fatty acids such as CD-36 
which binds to fatty acids in high affinity and brings in fatty acids in vicinity of the apical 
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membrane and FATP-4 which helps trap fatty acids allowing them not to return to the lumen 
before passive diffusion can occur (Stremmel et al., 2001). 
 
Re-esterification and circulation of lipids 
 Once diffusion has occurred, fatty acids are re-esterified in the endoplasmic reticulum 
via the glycerol-3-phosphate pathway or the monoacylglycerol pathway (Cunningham and 
Leat, 1969).  Once re-esterified into a triacylglyceride, multiple triglycerides and cholesterol 
esters are packaged into a chylomicron (Sabesin and Frase, 1977).  The exterior of the 
chylomicron has a phospholipid bi-layer and apolipoproteins.  The chylomicron then enters 
the blood circulatory system via the lymphatic system at the thoracic duct (Shiau, 1981). 
 Non-esterified fatty acids can enter the circulation through the lymphatic system with 
no packaging in a chylomicron needed after passive diffusion into the enterocyte occurs. 
 
Uptake of lipids by the adipocyte 
 Once the chylomicron is circulated it has several options of use: storage in the 
adipocyte, or oxidation by myofibers and other cells. If insulin and other anabolic hormones 
are elevated, the chylomicron will be directed to adipocytes for storage.  This is moderated 
by insulin’s stimulation of adipocyte lipoprotein lipase; the isoform of lipoprotein lipase in 
the muscle cell is not stimulated by insulin (Wang and Eckel, 2009).  Therefore, the 
multifunctional enzyme lipoprotein lipase will be expressed in the capillary lumen of the 
adipocyte to process triglyceride-rich chylomicrons and other lipoproteins (Wang and Eckel, 
2009).  Fatty acids will be passively diffused individually, and then re-esterified for storage 
as a triacylglyceride in the adipocyte. 
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Digestibility and energy value of dietary lipids 
 Dietary fats and oils are highly digestible and dense sources of energy associated with 
a low heat increment (NRC, 2012).  Additionally, employing dietary fat increases absorption 
of fat-soluble vitamins, and lubricates the passage of food during mastication and swallowing 
(NRC, 2012).  
 However, the digestibility of dietary lipids can be decreased by nearly 1.5% for every 
1% of crude fiber included in the diet (NRC, 2012).  Moreover, the digestibility of dietary fat 
is also age dependent, with young nursery pigs having poorer apparent total track 
digestibility than their older counterparts (Hamilton, 1969; Frobish et al., 1970).   
 Previous findings have provided inconclusive evidence that fatty acid composition 
impacts apparent total track digestibility. Powles et al., (1994) showed that increasing the 
degree of unsaturation in the diet increased digestibility, but Jorgensen and Fernandez (2000) 
did not find this same effect.   
 Determining if fatty acid composition impacts the energy value of the dietary fat is 
also under current debate.  This is primarily due to the lack of understanding of the 
interactions among the degree of unsaturation, oxidation, and free fatty acid levels on 
digestible energy, metabolizable energy, and net energy systems (NRC, 2012). The recently 
published NRC (2012) uses equations from van Milgen et al., (2001) to determine the 
metabolizable and net energy contents of fat sources; higher energy values are assigned to 
dietary fat sources that are more unsaturated in content. 
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Efficiency of post-absorptive utilization 
 The post-absorptive utilization efficiency of fatty acids in circulation is determined 
whether it is used for a product (body lipid deposition) or a process (ATP production).  The 
efficiency of absorbed dietary lipids is much higher if deposited as body lipids (~ 90%) 
versus oxidized for maintenance (~62%; van Milgen et al., 2001). 
 
De novo lipogenesis 
 An understanding of the sequence of reactions involved in lipogenesis is required to 
fully appreciate de novo rate of synthesis.  Excess acetyl Co-A is the substrate utilized in de 
novo lipogenesis (Lawes and Gilbert, 1886).  Excess acetyl Co-A is created when glucose or 
other mono-saccharides are not needed to fuel tissues within the pig.  The creation of excess 
acetyl Co-A and the transfer of the substrates of lipogenesis into the cytosol of the adipocyte 
is complex and has a multitude of regulators. 
 
Acetyl Co-A Production 
 Glucose is converted to pyruvate under a series of reactions known as glycolysis in 
the cytoplasm of the cell.  Pyruvate then has four possible fates; conversion to alanine, 
oxaloacetate, lactate or acetyl Co-A (Heckler, 1997).  The conversion of pyruvate to acetyl 
Co-A requires Co-A, NAD
+
, and the enzyme pyruvate dehydrogenase; this reaction creates 
acetyl Co-A and NADH plus a hydrogen ion (Denton et al., 1975).  Acetyl Co-A then has 
multiple possible fates; if energy is needed by the pig, it can enter the TCA cycle for ATP 
production.  Acetyl Co-A can also be used in the synthesis of various amino acids, or 
transported to the liver to produce ketone bodies (Akram, 2013).  However, when energy 
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needs of tissues within the pig are met, excess Acetyl Co-A is used as the starting building 
blocks for lipogenesis.   
 
Transportation of Acetyl Co-A from the mitochondria to the cytosol 
 Formation of acetyl Co-A in the mitochondria creates a major problem, as acetyl Co-
A is unable to pass through the mitochondrial membrane to the cytosol, which is where the 
process of lipogenesis occurs.  Therefore, acetyl Co-A must be converted to citrate in the 
mitochondria.  Due to its structure, citrate can  transverse the membrane bi-layer of the 
mitochondria and move into the cytosol (Remington, 1992).  The conversion of acetyl Co-A 
to citrate requires citrate synthase. Once citrate has reached the cytoplasm through the 
tricarboxylate transporter, it must reconvert back to acetyl Co-A before lipogenesis can 
proceed (Remington, 1992).  High concentrations of citrate in the cytosol of the adipocyte 
will activate ATP-citrate lyase, an enzyme that cleaves oxaloacetate from citrate to re-create 
acetyl Co-A.   
 
Oxaloacetate removal from the cytoplasm 
 In the process of transferring acetyl Co-A into the cytosol, oxaloacetate is now also 
present.  Due to the steric orientation of oxaloacetate, it cannot re-enter the mitochondrial 
matrix (Ackrell, 1974).  Therefore, oxaloacetate must be converted into malate via the 
enzyme malate dehydrogenase, and then transferred via the same tricarboxylate transporter 
that citrate entered the cytosol in an exchange process that is stimulated by increased citrate 
in the mitochondria creating a concentration gradient (Danis and Farkas, 2009).   
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 What happens if there is not enough citrate present in the mitochondria for a high 
enough concentration gradient to occur?  Instead of malate being exchanged for citrate, 
malate can be oxidized to pyruvate, which in turn produces a NADPH that will be utilized 
later in de novo lipogenesis (Flatt, 1970).  Pyruvate can then be exchanged with a hydrogen 
ion back to the mitochondria via the pyruvate transporter (Flatt, 1970). 
 
Synthesis of a fatty acid from acetyl Co-A 
 The rate limiting step de novo lipogenesis occurs right after acetyl Co-A has entered 
the cytoplasm.  Formation of malonyl Co-A is a two-pronged reaction that involves the 
carboxylation of biotin (involving ATP) and the transfer of the carboxyl group to acetyl Co-
A to form malonyl Co-A via acetyl Co-A carboxylase (Lane et al., 1974).  Acetyl Co-A 
carboxylase is the rate limiting enzyme, and is regulated by the concentration of citrate and 
by the phosphorylation that governs allosteric sensitivity (Lane, et al. 1974).  The malonyl 
Co-A formation is a two-step reaction that is not only the rate limiting step of de novo 
lipogenesis, but it is also the committed step of de novo lipogenesis in the adipocyte.   
 Fatty acid synthase, an enzyme complex, that adds 2 carbon units with malonyl Co-A 
as the donor in succession until terminal thioesterase (which is sterically activated by 
palmiate a fatty acid containing 16 carbons and no unsaturated bonds) releases the completed 
fatty acid (Clarke, 1993).  The enzyme complex is a homodimer with two catalytic centers 
that has both transcriptional and post-transcriptional control (Clarke, 1993).  Fatty acid 
synthase is not sensitive to phosphorylation, but is highly sensitive to dietary fat intake which 
will be covered later in this review.   
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 The net reaction of a synthesized palmitic fatty acid is: 1 acetyl Co-A + 7 maloynl 
Co-A + 14 NADPH + 14 H
+
 = 1 palmitate (C16:0) + 8 Co-A + 7 CO2 + 14 NADP
+
 + 6 H2O.  
While palmitic acid is most widely used in explaining de novo lipogenesis, Kloareg et al., 
(2005) found that only 33% percent of de novo synthesized fat was deposited as 16:0.  
Nearly two thirds of palmitic acid was elongated to 18:0, and over 70% of the elongated 18:0 
fatty acids were desaturated by delta-9 desaturase at the omega-9 position to produce 18:1.  
Therefore, Kloareg et al., (2005) showed that the fatty acid most likely to be produced by de 
novo lipogenesis in the pig was oleic acid and not palmitic acid. 
 
De novo lipogenesis rate in pigs 
 Measuring changes in de novo lipogenesis in the pig due to management or other 
changes requires a baseline value.  Many publications have defined the lipid deposition rate 
of pigs under varying environments and dietary intakes (NRC, 2012).  However, very few 
researchers have attempted to quantify lipid deposition from the dietary sources of 
carbohydrates or fat.  Previous findings have shown varied results due to differences in age, 
weight, genetics, diet content, and energy intake.  Kloareg et al. (2005) reported that a 65 kg 
pig housed in thermonetural conditions and with ad libitum access to feed deposited 175 
grams per day of fat generated de novo, which was most of the 209 grams per day of total fat 
deposited.  Allee et al. (1971) used radio-labeled glucose for 45 days to measure de novo 
deposition rate for pigs with a market weight of 95 kg fed 24% crude protein and 1% added 
dietary fat; they reported that the fat deposition rate under these conditions was 369 g/d.  
Lizardo et al., (2002) used a model to predict pork fat composition by assuming de novo 
lipogenesis accounted for 80% of total lipid deposition for finishing pigs; a recent review 
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concluded that the total lipid deposition rate for a 70 kg pig was 294 g/d (Patience, 2012).  
The Lizardo model, however, was hampered by insufficient data relating diet intake and lipid 
deposition. Unfortunately, none of these results quantify de novo lipogenesis rates above 100 
kg. Considering that maximum lipid deposition occurs later during the finishing stage, and 
that pigs are currently harvested at 130 kg, these values may be inaccurate when defining the 
balance between the deposition of preformed fatty acid and de novo synthesized fatty acids at 
or near market weight.  
 Other have attempted to quantify de novo lipid deposition via changes measured in 
the fatty acid composition deposited or via the incorporation of glucose into neutral lipids 
(Mourot et al., 1994; Smith et al., 1996).  These attempts do show that lipogenesis is altered, 
but they are not precise enough to define an actual deposition rate of de novo generated fatty 
acids.  Considering all dietary interventions and environmental treatments reported above, 
the de novo synthesis and deposition rate of fat in the pig can range from nearly 100 g/d to 
700 g/d for the growing pig of 50 – 120 kg. 
 
Lipolysis 
 Lipolysis is the process of breaking down a triacylglycerol molecule in storage into 
three non-esterified fatty acids and one molecule of glycerol.  Lipolysis is required as fat in 
the form of triacylglycerols cannot exit the adipocyte.  Enser (1984) showed that a diet 
containing sufficient energy to meet the needs of the growing pig reduced their reliance on 
lipolysis.  Since lipolysis in the adipocyte is continual, released fatty acids will be re-
esterified and remain in the adipocyte when energy supply is adequate (Mears and Mendel, 
12 
 
1974). Thus, fatty acid turnover will not be a significant factor under normal growing 
conditions in altering the fatty acid composition and resulting pork fat quality.  
 However, if energy balance was negatively affected via an immune challenge or 
fasting, or other insult to the pig’s energy balance, theoretically lipolysis could be a 
significant factor in determining pork fat quality (Bee et al., 2002).  In fact, Raclot et al. 
(1995) showed in the rat that during fasting, the mobilization of fatty acids was dependent on 
the location of the fatty acid on the glycerol back bone.  Furthermore, pigs undergoing 
extreme changes in energy intake combined with a change in dietary fat source have altered 
the composition of deposited pork fat (Wood et al., 1985, 1986).  In addition, Bee et al. 
(2002) showed that pork fat became more unsaturated as the energy of the diet was lowered 
when compared to pigs with a considerably higher energy intake. 
 
Lipolysis in the pig 
 Lipolysis of triglycerides stored in the adipocyte of the pig starts with an enzyme that 
has just been uncovered in the past decade, adipose triacylglyceride lipase (Jenkins et al., 
2004).  Adipose triacylglyceride lipase cleaves the first ester bond of the triacylglyceride to 
create a free fatty acid and a diacylglyceride.  The second ester bond of the initial 
triacylglyceride to be broke is done by hormone sensitive lipase which cleaves the second 
fatty acid from the now diacylglyceride, creating two free fatty acids and a 
monoacylglyceride (Young and Zechner, 2013; Vaughan et al., 1964).  The third enzyme 
called monoacylglyceride lipase breaks the final ester bond, which cleaves off the final fatty 
acid from the glycerol backbone (Young and Zechner, 2013).  These three enzymatic 
reactions that break the three ester bonds binding three fatty acids to a glycerol backbone 
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results in three non-esterified fatty acids and one molecule of glycerol.  Each of these 
enzymes as well as perilipin (the coding around the lipid droplet in the adipocyte) are 
activated by phosphorylation via protein kinase A which was activated by cyclic adenosine 
monophosphate (Young and Zechner, 2013).  Once enzymatically cleaved, the recently freed 
fatty acids will bind to fatty acid binding proteins till they reach the endothelial barrier, 
where they are then bound to albumin and transported into circulation (Young and Zechner, 
2013). 
 
Previous research on pork fat composition 
Measurement of pork fat quality 
 Compared to other livestock species, pigs have elevated levels of polyunsaturated 
fatty acids in adipose tissue, which is a positive attribute for the consumer (Wood et al., 
2003).  However, increased concentrations of polyunsaturated fatty acids in pork carcass fat 
have resulted in softer fat, which may hinder the ability of pork producers and processors to 
meet export standards and may also affect processing characteristics (Carr et al., 2005).  Thus 
there is a need to quantify the quality of pork fat to allow for ideal pork carcass quality set 
points and minimum standards of unsaturation.  
 The most used industry standard to quantify the degree of unsaturation of pork 
carcass fat is iodine value.  Iodine value is a measure of double bonds present in a lipid 
sample, and can be measured via direct titration or calculated from a fatty acid profile ((IV) = 
[C16:1] × 0.95 + [C18:1] × 0.86 + [C18:2] × 1.732 + [C18:3] × 2.616 + [C20:1] × 0.785 + 
[C22:1] × 0.723; brackets indicate concentration (%)), thus quantifying the degree of 
unsaturation in a lipid sample (AOCS, 1998).  Acceptable iodine values range from below 70 
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g/ 100 g (Barton-Gade, 1987; Madsen 1992) to below 75 g/100 g (Boyd et al., 1997).  
Currently, most United States packing plants have set there standard at below 74 g/100 g 
(Seman et al., 2013). 
 There are alternatives to iodine value that can be utilized to quantify pork fat quality.  
A promising measurement is utilizing a durometer, which measures the force of compression 
of the entire belly (0 least firm to 100 most form).  However, this measurement takes into 
both the fat and lean tissue of belly, so negative effects of unsaturated fat deposited in the 
belly maybe masked by an increase of lean tissue deposited (Seman et al., 2013).  The 
durometer standard for bellies has been proposed at values equal to and or above 50 deemed 
acceptable (Seman et al., 2013).  Several studies have used various forms of belly flop 
(measuring the angle of the resting belly held only in the center) and subjective belly 
firmness scores (Trusell et al., 2011; Seman et al., 2013).  However, these measurements can 
be highly variable from setting to setting due temperature changes of the belly when 
measured.  Additionally, these types of measurements would be difficult to measure on every 
belly with current pork packing procedures. 
 
Alterations of carcass fat composition by dietary fat 
 While many factors may impact the composition of deposited pork fat, including 
energy intake, genetics, gender, thermoregulation, and more, deposited fat is generated from 
two sources, namely dietary fat and fat synthesized from acetyl Co-A.  Therefore, logically 
the two most important areas to focus on when studying the alteration of pork fat 
composition is fatty acid intake, and the rate of de novo lipogenesis. A secondary but 
nonetheless important factor will be the energy status of the pig, to be discussed later. 
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 Pork fat composition was first proven to be altered by changing the dietary fat source 
by Ellis and Isbell (1926).  Studies have used serial slaughter and biopsies to determine the 
change in fatty acid composition during the finishing stage (Apple et al., 2009).  Based on 
these results, it has been determined that 50 to 60% of the change in fatty acid composition is 
due to changing the source or quantity of fat in the diet (Apple et al., 2009).  This change can 
occur quite rapidly;  employing an unsaturated dietary fat source results in significant 
increases in unsaturation of fat deposited by the pig within 14 to 35 days (Warnants 1999; 
Apple et al., 2009).  Additionally, the degree of change decreases as the period of time on a 
specific diet increases (Apple et al., 2009).  Therefore, a change in the degree of unsaturation 
in dietary fat will result in a rapid change in carcass fat, reflecting dietary fat composition.   
 What occurs once a large quantity of polyunsaturated fatty acids has been deposited 
in the adipose tissue?  Can polyunsaturated fatty acid concentration be reduced in the adipose 
tissue through lipolysis or by consuming a dietary fat source that is highly saturated? Koch et 
al. (1968) first suggested that linoleic acid (18:2) and linolenic acid (18:3) was maintained in 
the subcutaneous adipose tissue as a reservoir for storage of the essential fatty acids, and that 
18:2 is retained in the adipose tissue more preferentially than other non-essential fatty acids 
during lipolysis.  Warrants et al. (1999) used beef tallow to attempt to eliminate 18:2 from 
the pork fat depot; he reported that 18:2 incorporation was dramatically faster than 
elimination of 18:2 after deposition.  Therefore, while polyunsaturated fatty acids are readily 
incorporated into pork adipose tissue, the elimination of them from the depot occurs at a 
much slower rate.   
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Alterations of de novo lipogenesis rate 
 It has been demonstrated for over 40 years that increasing the quantity of fat in the 
diet will suppress de novo lipid deposition in the pig (Allee et al., 1971).  The effect seen by 
the inclusion of dietary fat on de novo deposition rate is due to the suppression of the fatty 
acid synthase enzyme when the concentration of lipids in the adipocyte increases (Kim et al., 
2003).  Biologically this makes sense - why continue to synthesize lipids if the cell and 
surrounding fat depot has plenty of lipids (energy) already in storage?   
 By feeding two levels of corn oil - 1% and 13% added to a 12% crude protein diet -  
and incorporating radio-labeled glucose, Allee et al. (1971) found that de novo deposition 
rate decreased from 576 g/d to 188 g/d the higher fat diet  When 24% crude protein was 
employed, the de novo synthesis rate decreased from 369 g/d when feeding 1% corn oil to 
156 g/d when 13% corn oil was included.  Thus, the composition of pork carcass fat will be 
increasingly more reflective of the dietary fat source when the intake of dietary fat and 
protein is increased. 
 Smith et al. (1996) investigated the impact of feeding specific fatty acids (16:0, 18:0, 
18:1, and 18:2) on the depression of de novo lipogenesis. They reported that lipogenesis 
decreased 67% when 16:0 was fed, 35% when 18:0 was fed, 20% when 18:1 was fed and 
32% when 18:2 was fed.  Kim et al. (2003) showed that polyunsaturated fatty acids had a 
greater effect on suppressing fatty acid synthase than saturated fatty acids. However, others 
have not shown a specific fatty acid impact (Allee, 1971; Bee et al., 2002).  These 
contradictory data have encouraged debate on the inhibition of de novo lipogenesis by 
differing dietary fat sources. 
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 The majority of research depicting how de novo lipogenesis is affected by dietary fat 
inclusion has been carried out by measuring differences in the composition of deposited fat 
(Wood et al., 1986) and/or enzymatic activity such as fatty acid synthase or acetyl Co-A 
carboxylase (Bee et al., 2002).  While these data show that the synthesis of saturated or 
mono-unsaturated fatty acids is decreased in the fat depot of the pig, it does not clarify 
whether those fatty acids generated de novo are synthesized at a lesser rate, or are being 
diluted within the fat depot when pre-formed fatty acids are present.  However, any decrease 
in the rate of de novo lipogenesis will result in the composition of pork carcass fat being 
more reflective of the composition of the dietary fat source that is employed. 
 The substrate for de novo lipogenesis is excess acetyl Co-A, which in turn has been 
created in the adipose tissue when monosaccharaides are not needed for ATP synthesis.  
Therefore, it is logical to assume that decreasing the energy intake of the pig would decrease 
acetyl Co-A, which would in turn decrease lipogenesis (Mersmann et al., 1981).  When 
looking at ad libitum feeding versus limit feeding, the incorporation of radio-labeled glucose-
U-
14
C into fat stores decreased with a reduction in feed intake and thus energy intake 
(Mersmann et al., 1981).  Bee et al. (2002) showed that glucose-6-phosphate dehydrogenase, 
malic enzyme, and fatty acid synthase all decreased with decreased energy intake, which in 
turn resulted in higher concentration of polyunsaturated fatty acids. This is strong evidence 
that de novo lipogenesis rate was decreased. 
 
Research on the prediction of pork carcass fat composition  
 Ellis and Isbell (1926) first demonstrated that increasing the concentration of 
unsaturated fatty acids in the diet results in more unsaturated fat in the pig carcass.  This was 
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confirmed more recently using a multitude of dietary fats that are highly unsaturated in 
composition (Brooks, 1971; Apple, 2009).  Based on these results, it is logical to conclude 
that fat composition in the pig carcass can be predicted from the fat composition of the diet  
This prediction currently is being attempted through the use of iodine value product, a value 
that is based on an equation that includes both the iodine value of the diet and the level of fat 
in the diet times a constant of 0.10 (Madsen et al., 1992; Boyd et al., 1997).  Although widely 
employed in the pig industry, the iodine value product equation has a major flaw which 
becomes particularly apparent when higher fat diets are employed.  Specifically, the iodine 
value product equation places more emphasis on the inclusion level than on the composition 
of the dietary fat. 
 Knowing that deposited fat comes from dietary fat or de novo lipogenesis origins, it 
makes sense that modeling could be used to assist in predicting pork fat composition.  Van 
Milgen et al. (2012) summarized these attempts and the difficulty in dealing with variation 
and populations of animals.  They concluded that “precision” pork production has many 
difficulties to overcome, and each must be handled on an individual basis before modeling 
pork fat composition can be successfully modelled. 
 Recently Benz et al. (2011) demonstrated that the concentration of linoleic acid in the 
diet was a slightly better predictor of carcass iodine value than iodine value product.   
However, like others who attempted to predict carcass fat iodine value, Benz et al. (2011) 
used a wide range of dietary fats from very saturated to very unsaturated in content.  This 
wide range of degree of unsaturation makes regression prediction equations more apt to be 
successful, masking weaknesses in the mid-point of the regression, where diets used in 
today’s industry are generally located. 
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CHAPTER II 
 IMPACT OF DIETARY FAT SOURCE AND CONCENTRATION, AND DAILY 
FATTY ACID INTAKE, ON THE COMPOSTION OF CARCASS FAT AND IODINE 
VALUE SAMPLED IN THREE REGIONS OF THE PORK CARCASS 
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Abstract 
 The increased inclusion of unsaturated fats in pig diets has raised issues related to 
pork carcass lipid quality. The objective of this experiment was to more precisely measure 
how differing levels of daily fatty acid intake alters the fatty acid composition in three 
different fat depots. A total of 42 gilts and 21 barrows (PIC 337 X C22/29) with an average 
initial weight of 77.8 ± 0.38 kg were allotted based on sex and weight to 7 treatments: 3 and 
6% of each of tallow (TAL; iodine value (IV) = 41.9), choice white grease (CWG; IV= 66.5) 
or corn oil (CO; IV = 123.1), and a control (CNTR) diet based on corn and soybean meal 
with no added fat. Pigs were individually housed to allow accurate measurement of 
individual feed intake and thus daily dietary fatty acid and energy intake. Fat samples were 
collected from the jowl, belly, and loin at harvest. IV was determined on diet and carcass 
lipid samples. Belly weights were recorded at harvest along with a subjective belly firmness 
score (1 to 3 with 1 firmest and 3 least firm).  
1
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2
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Data were analyzed using PROC MIXED (SAS 9.3, Cary NC) with treatment and sex as 
fixed effects and replication as the random effect. Carcass lipid IV was increased by 
increasing the degree of unsaturation of the dietary fat source (TAL = 66.8, CWG = 70.3, CO 
= 76.3; P < 0.001). Carcass lipid IV for TAL and CWG was not affected by inclusion level; 
however, carcass lipid was affected by CO level (3% = 72.6, 6% = 80.0; P < 0.001). Carcass 
lipid IV was also affected by sex (barrows = 69.1, gilts = 71.5; P < 0.001). Increasing the 
level of TAL and CO, but not CWG from 3% to 6% decreased the ATTD of gross energy, 
resulting in a source by level interaction (P < 0.05).  The main effect of dietary fat source had 
no significant impact on ATTD of dry matter or gross energy (P = 0.66). G:F was improved 
by inclusion level (3% = 0.337, 6% = 0.358; P < 0.006). Of all fatty acids measured, only 
linoleic acid intake presented a reasonable coefficient of determination (R
2
 = 0.61). Measured 
iodine value product was approximately equal to linoleic acid intake as a predictor of carcass 
IV (R
2
 = 0.93 vs. R
2
 = 0.94). To conclude, linoleic acid intake showed a strong relationship 
with carcass IV. However, we found only a slight advantage to using daily linoleic acid 
intake over IVP as a predictor of carcass IV.   
 
Introduction 
 The influence of dietary fat composition and inclusion level on pork carcass fat 
composition was first demonstrated almost 90 years ago (Ellis and Isbell, 1926).  The 
concept of pork carcass fat being reflective of dietary fat intake has been generally accepted, 
other than when environmental stressors or energy intake impacts lipid deposition (Apple et 
al., 2009).  However, managing carcass fat quality is becoming increasingly important in the 
pork industry.   
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Iodine value (IV) is a measure of double bonds present in a lipid sample, and can be 
measured via direct titration or calculated from a fatty acid profile, thus quantifying the 
degree of unsaturation in a lipid sample (AOCS, 1998).  Iodine value is currently being used 
by the packing industry as an indicator of pork carcass fat quality (Benz, 2011). 
 Compared to other livestock species, pigs have elevated levels of polyunsaturated 
fatty acids (PUFA) in adipose tissue (Wood et al., 2003).  Increased concentrations of PUFA 
in pork carcass fat have resulted in softer fat, which may hinder the ability of pork producers 
and processors to meet export standards and may also affect processing characteristics (Carr 
et al., 2005).   
 Previous studies have investigated changes in fatty acid composition in pork 
carcasses by using biopsies or serial slaughter (Warrants et al. 1999; Apple et al. 2009).  
Through these techniques, pork fat composition has been shown to alter within 14 to 35d 
when treatments differ in degrees of unsaturation.  Our objective was to more precisely 
measure how differing source and concentration of dietary fat, and varying levels of daily 
fatty acid intake, alters carcass fatty acid composition in three different fat depots.  Our 
hypothesis was that the composition of deposited fat will differ in degree of unsaturation over 
time by becoming more reflective of the individual dietary fatty acid intake. 
 
Materials and Methods 
 All experimental procedures adhered to guidelines for the ethical and humane use of 
animals for research, and were approved by the Iowa State University Institutional Animal 
Care and Use Committee (#2-11-7090-S). 
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Animals, Housing, and Experimental Design  
 A total of 63 pigs - 42 gilts and 21 barrows (PIC 337 × C22/C29, Pig Improvement 
Company, Hendersonville, TN) - with an average initial body weight of 77.8 ± 0.38 kg were 
randomly allotted to one of 7 dietary treatments.  Treatments included a control (CNTR) diet 
based on corn and soybean meal diet with no added fat plus 6 additional treatments, arranged 
in a 2 by 3 factorial, incorporating 2 levels of added fat (3% or 6%) and 3 different fat 
sources: choice white grease (CWG), corn oil (CO) or beef tallow (TAL).  Pigs were housed 
individually in 1.8 × 1.9 m pens. Each pen had a partially slatted concrete floor, a stainless 
steel feeder, and a nipple drinker. Feed and water were continuously available throughout the 
experimental period. 
 
Diets and Feeding 
 All experimental diets were formulated on a constant ME to SID lysine ratio and met 
and or exceeded all specified nutrient requirements for pigs of this size (NRC, 1998).  Diets 
contained 0.40% titanium dioxide as a digestibility marker, to determine the apparent total 
tract digestibility of energy and dry matter (Table 2.1 & 2.2).  Dietary fat sources were 
selected to provide a diverse range of fatty acid composition and resultant iodine value (TAL; 
IV = 41.9, CWG; IV = 66.5, C ;         . ), while keeping in mind choices relevant to 
current production practices.  Representative feed samples were collected at the time of 
mi ing and stored at -   C until analy ed.   
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Sample Collection 
 Pigs and feeders were weighed on d0, 18, 35, and    for determination of average 
daily gain, average daily feed intake and feed conversion.   ecal grab samples were collected 
on d  ,    and   , corresponding with the mid-point of each carcass fat collection period and 
immediately stored at -   C for later analysis.     
On d 55, pigs were harvested at JBS, Marshalltown, IA, where hot carcass weight, 
loin depth, and back fat thickness were measured.  Samples of jowl, belly, and back fat were 
collected on the day following harvest, vacuum packaged and stored at -   C until analy ed.  
The right side belly from each pig was collected and weighed and temperature and thickness 
were determined.  Total thickness was measured in two locations in the center of the belly for 
middle thickness (MT) and at the center of the scribe edge of the belly for edge thickness 
(ET).  A subjective belly firmness test was conducted by assigning a visual score (1-firm to 
3-soft) based on the degree of flop of the belly. 
 
Analytical Methods 
 Fatty acids were extracted from adipose tissue and feed samples by a one-step direct 
transesterification procedure (Lepage and Roy, 1986).  These samples were then assayed for 
total fatty acid content using a Model HP-6890 gas chromatograph fitted with an HP-7683 
automatic injector and an HP-5973 mass selective detector (Hewlett-Packard, Avondale, PA) 
using a 60-m capillary column (0.25-mm diameter; Model DB-23; Agilent, Santa Clara, CA). 
Helium was used as the carrier gas at 0.5 mL/min (1:50 split ratio).  Oven temperature was 
increased from    C to     C over a    minute period; the in ector and detector were 
maintained at a constant     C.   dentification of fatty acid peaks was performed by 
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comparison with purified standard samples (Sigma-Aldrich Co, St. Louis, MO).  Carcass fat 
samples collected from the jowl, belly, and back fat at harvest were sliced into 100 g 
samples, vacuum packaged, and submitted for IV determination by titration (Barrow-Agee 
Labs, Memphis, TN).  Diet samples were also analyzed for IV by titration (Barrow-Agee 
Labs, Memphis, TN). In addition, the ether extract content of the diets was determined 
following acid hydrolysis (Experiment Station Chemical Laboratories, UMC – Columbia, 
MO).   
  Feed and fecal samples were finely ground through a 1 mm screen in a Retsch grinder 
( odel    , Retsch  nc.,  ewtown,  A) prior to analysis.   ry matter was determined by 
drying samples in an oven at     C to a constant weight.   ross energy was determined using 
a bomb calorimeter (Model 6200, Parr Instrument Co., Moline, IL).  Benzoic acid (6318 
kcal/kg; Parr Instruments, Moline, IL) was used as the standard for calibration and was 
determined to be 6322 ± 7.8 kcal/kg.  Titanium dioxide was determined by 
spectrophotometer (Synergy 4, BioTek, Winooski, VT) according to the method of Leone 
(1973).  
 
Calculations 
 Iodine Value was calculated from the fatty acid profile according to the following 
equation: (IV) = [C16:1] × 0.95 + [C18:1] × 0.86 + [C18:2] × 1.732 + [C18:3] × 2.616 + 
[C20:1] × 0.785 + [C22:1] × 0.723; brackets indicate concentration (%) (AOCS, 1998). 
 Iodine value product (IVP) was calculated by the following equation: IVP = (IV of 
the dietary lipids) × (% dietary lipid) × 0.10 (Madsen et al. 1992) 
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 Fatty acid intake was calculated by: Fatty acid intake (g/d) = ADFI (g/d) × dietary 
fatty acid (%) × ether extract (%) 
 Iodine Value Product intake was calculated as: IVP intake (g/d) = ADFI (g/d) × IV of 
the dietary lipids × 0.10 × ether extract (%)  
 Apparent total track digestibility (ATTD) of dietary components was calculated by: 
ATTD, % = 100 – [100 × (concentration of TiO2 in diet (g) × concentration of component in 
feces or digesta/concentration of TiO2 in feces or digesta (g) × concentration of component 
in diet (g))] (Oresanya et al., 2007). 
 
Statistical Analysis 
 The experiment was designed as a 2 X 3 factorial + 1, with fat level and fat source as 
the main effects.  The “+  ” was the control diet formulated to contain no added fat, as 
explained previously.  For analysis of the 6 treatments arranged as a 2 X 3 factorial, the main 
effects of dietary fat source (TAL vs. CWG vs. CO) and dietary fat level (3% vs. 6%), and 
their interactions (S × L) were analyzed using the PROC MIXED procedure of SAS (SAS 
9.3, Cary, NC) with treatment and sex as fixed effects, and replication as the random effect, 
and sample data as a repeated measure.  The same methodology was employed to determine 
the main effect of gender. 
 The comparison of the CNTR treatment against the 6 treatments in the 3 × 2 factorial 
(reported as the P-value treatment) was analyzed using the least square means and PDIFF 
options of PROC MIXED with replication as the random affect, and sample data as a 
repeated measure.  
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 The comparison of the relationship between fatty acid intake and fatty acid 
composition of carcass fat was analyzed using PROC REG.  
 Non-detectable fatty acid values (nd) were treated in all statistical analyses as zero.  
 All P-values less than 0.05 were considered significant and P-values between 0.05 
and 0.10 were considered trends.  
Results 
Dietary fat source and level effects on growth performance, fatty acid intake, and diet 
apparent total tract digestibility 
 The main effect of dietary fat source did not impact average daily gain, average daily 
feed or feed efficiency (P > 0.10; Table 2.3).  However, the higher level of added fat 
increased average daily gain and feed efficiency, except in the case of tallow (P < 0.05); this 
outcome resulted in a source by level interaction that approached a trend (P = 0.11).  
Otherwise, there was no interaction between dietary fat source and level for any growth 
performance variable.  The control diet, without added fat, resulted in poorer feed efficiency 
than the other six diets with added fat (P < 0.05), but did not impact daily feed intake.  
 As expected, adding fat to the diet, irrespective of source and level, resulted in higher 
daily intakes of palmitic acid (16:0), oleic acid (18:1) and linoleic acid (18:2), but not 
palmitoleic acid (16:1), stearic acid (18:0) or linolenic acid (18:3; P < 0.05; Table 2.3).  
Furthermore, adding tallow to the diet, compared to CWG and CO, increased 16:0 and 
compared to CO, increased 16:1 and 18:0. Including CO in the diet, compared to TAL and 
CWG, increased 18:2 and 18:3 (P < 0.05).   
 Increasing the amount of fat in the diet significantly increased the daily IVP intake (P 
< 0.05; Table 2.3).  This increase in IVP intake which occurred in the 6% added fat diets 
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compared to the 3% added fat diets was greater in CO than CWG which was greater than 
TAL, resulting in a dietary fat source by inclusion level interaction (P < 0.05).  As expected, 
the CNTR with no added fat had the lowest daily IVP intake when compared with the other 
six treatments that contained added fat (P < 0.05). 
 Increasing fat inclusion from 3 to 6% resulted in increased measured DE and 
calculated ME intake (P< 0.001; Table 2.4).  However, there was also an interaction (P< 
0.001) such that only CWG and CO increased daily energy intake at the higher inclusion 
level, while TAL had the opposite effect (P < 0.05).  Feeding TAL at 3%, but not 6%, 
resulted in higher intakes of DE and ME than CO (P < 0.05).  Feeding the CNTR diet with 
no added fat resulted in lower daily intake of DE and ME than the other six treatments which 
contained added fat (P < 0.05). 
 Increased levels of TAL and CO in the diet from 3% to 6% decreased ATTD of dry 
matter (P < 0.05; Table 2.4); this was not observed with the feeding of CWG (P < 0.05). 
Feeding the control treatment resulted in higher ATTD of dry matter than the other six 
treatments, with the exception of 3%TAL. Increasing the level of TAL and CO, but not CWG 
from 3% to 6% decreased the ATTD of gross energy, resulting in a source by level 
interaction (P < 0.05).  The main effect of dietary fat source had no significant impact on 
ATTD of dry matter or gross energy (P = 0.66).  The control diet had a higher ATTD of 
gross energy than 6%TAL, 3%CWG, and 6%CO (P < 0.05).   
 
Sex effects on growth performance and fatty acid intake 
 As expected, barrows grew faster and ate more feed than gilts but had poorer feed 
efficiency (P < 0.05; Table 2.3).  There was no effect of sex on fatty acid intake or IVP 
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intake (P > 0.10).  There were no interactions between sex and level or sex and source on 
growth performance, fatty acid intake, IVP intake or diet apparent total track digestibility (P 
> 0.10). 
 
Dietary fat source and level effects on fat deposition, composition, and iodine value 
 As expected at harvest, increasing the unsaturation of the dietary fat source 
significantly increased belly fat IV, back fat IV, jowl fat IV, and the IV of carcass fat 
averaged across the three sampling sites (P < 0.05; Table 2.5).  Increasing the dietary level of 
CO, but not TAL and CWG increased the IV in each of the three locations at harvest as well 
as when all three sites were averaged together (P < 0.05).  This resulted in a source by level 
interaction (P < 0.05).  The control treatment had significantly lower IV compared to the 
CWG and CO treatments (P < 0.05), and was the same as the TAL treatments (P > 0.10). 
 Iodine value measured in the jowl was significantly higher than in the belly fat or the 
back fat in pigs fed the CNTR or the 3%TAL treatment (P < 0.05; Table 2.6).  Jowl IV was 
significantly higher than belly fat IV in pigs fed the 3%CWG treatment, and jowl IV was 
significantly higher than back fat IV in pigs fed the 3%CO treatment.  No differences 
between sampling locations were evident for IV at market when dietary fat was at a 6% 
inclusion level, regardless of the dietary fat source (P > 0.30). 
  Inclusion of a dietary fat source that is more unsaturated in composition increased the 
concentration of 18:2 deposited (P < 0.05; Table 2.8).  Inclusion of a dietary fat source that is 
more saturated in composition increased the concentration of 18:0.  The main effects of 
source and level had no significant effects on the quantity of myristic acid (14:0), gadoleic 
acid (20:1), 16:0, 16:1, or 18:3 deposited in the carcass (P > 0.05).  The control treatment, 
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with no added fat, compared with the other six treatments containing 3% or 6% added fat 
resulted in the highest concentrations of 18:1 and the lowest concentrations of 18:3 (P < 
0.05). 
 
Sex effects on fat deposition, composition, and iodine value 
 Barrows had lower carcass fat IV, belly fat IV, and back fat IV values than gilts (P < 
0.05; Table 2.5), and there was a trend for lower IV measured in the jowl (P = 0.053).  There 
was no significant sex by source or sex by level interaction for IV measured at any location 
(P > 0.30).   
 Barrows had higher concentrations of 20:1 at market compared to gilts (P < 0.05).  
Barrows also tended to have higher concentrations of 16:0 than gilts (P = 0.08).  
  
Dietary fat source and level effects on carcass and belly characteristics 
 The inclusion of a more saturated dietary fat source increased belly firmness 
measured by subjective score (P = 0.05; Table 2.8), and trended to increase belly thickness 
measured at either the middle of the belly or on the scribe side edge of the belly (P < 0.10).  
An increase in dietary fat level, regardless of source, trended to increase belly weight (P = 
0.053).  There was no significant source by level interactions on belly weight, depth, or 
subjective firmness score (P > 0.20). 
 Loin muscle depth numerically increased when CO was increased, but loin muscle 
depth decreased when CWG increased, resulting in a source by level interaction (P < 0.05; 
Table 2.9). However, the main effects of source and level had no effect on hot carcass 
weight, loin muscle depth (Table 2.9), back fat depth, or fat free lean percent (P > 0.15; 
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Table 9).  The control treatment resulted in lighter bellies compared to all other treatments, 
except for 3% CWG (P < 0.05). 
 
Sex effects and interactions on carcass and belly characteristics 
 Barrows had a greater belly weight, belly depth, and an improved subjective belly 
firmness score when compared to gilts (P < 0.05; Table 2.8).  There was no sex by source or 
sex by level interactions (P > 0.10).  Barrows had heavier hot carcass weights than gilts (P < 
0.05; Table 2.9).  Gilts trended to have more loin muscle depth in comparison to barrows (P 
= 0.10).   
 Barrows had greater back fat depth and lower fat free lean percent than gilts (P < 
0.05; Table 2.10).  Furthermore, the increase in back fat and resulting decrease in fat free 
lean in barrows differed among sources, as barrows on CWG treatments were fatter than they 
were on CO and TAL treatments, causing a sex by source interaction (P < 0.05). 
 
Relationship between fatty acid intake or IVP on carcass IV 
 Increasing the daily intake of 16:0 and 18:0 significantly decreased carcass IV (P < 
0.05; Figures 2.1 to 2.5), while, increasing the daily intake of 18:1, 18:2, and 18:3 
significantly increased carcass IV (P < 0.05).  However, only 18:2 intake presented a 
reasonable coefficient of determination.  Iodine value product intake per day had the poorest 
linear relationship with carcass IV (R
2
 < 0.01; Figure 2.6). Measured IVP was approximately 
equal to 18:2 intake as a predictor of carcass IV (R
2
 = 0.93 vs. R
2
 = 0.94; Figure 2.7 & 2.8). 
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Discussion 
 Ellis and Isbell (1926) first demonstrated that increasing the concentration of 
unsaturated fatty acids in the diet results in more unsaturated fat in the pig carcass; this 
phenomenon has been confirmed more recently (Brooks, 1971; Apple, 2009).  Based on 
these results, it is logical that fat composition in the pig carcass can be predicted from the fat 
composition of the diet  This prediction has been attempted through the use of IVP, a value 
that is based on an equation that includes both the IV of the diet and the level of fat in the 
diet times a constant of 0.10 (Madsen et al., 1992; Boyd et al., 1997).  Although widely 
employed in the pig industry, the IVP equation has a major flaw which becomes particularly 
apparent when higher fat diets are employed.  Specifically, IVP places more emphasis on the 
inclusion level than on the composition of the dietary fat. This study illustrates this point very 
well, since the 3% CO treatment, with an IVP of 64.7 for phase 1 and 75.2 for phase 2, 
resulted in a higher carcass IV than the 6% CWG diet with an IVP of 70.5 for phase 1 and 
81.8 for phase 2. 
 Increasing the inclusion level of dietary fat sources, which themselves contain 
different concentrations of fatty acids, will result in different dose responses for fatty acid 
intake, as expected.  But, the translation of the dose response for fatty acid intake to a dose 
response for carcass IV was only evident between 3% and 6% CO.  There was no significant 
difference at any sampling location for IV between 3% and 6% inclusion levels for CWG and 
TAL.  This dose dependent response only being evident in CO is largely explained by the 
dramatic increase of daily linoleic acid intake between 3% and 6% CO.  While, the daily 
intake of linoleic acid between 3% and 6% of CWG and TAL is significantly different, it’s 
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not comparable to the magnitude of difference in intake of linoleic acid between 3% and 6% 
CO.   
 Of all the fatty acids present in the diet, these data suggest that the daily intake of 
linoleic acid appears to be the strongest indicator of ultimate carcass fat IV, as evidenced by 
the strong linear relationship across the dietary fat sources and levels tested.  The comparison 
of IVP and daily linoleic acid intake were of relatively equal value.  Daily linoleic acid intake 
proved to be the better predictor when the unsaturation and linoleic acid concentration of the 
diet increased, and IVP proved to predict the carcass IV more accurately when TAL, a 
saturated dietary fat source, was employed. Therefore, due to the over-emphasis on inclusion 
levels in the IVP calculation, and the fact that it fails to account for differences in daily feed 
intake when higher fat levels are employed, we suggest that daily intake of daily linoleic acid 
intake is the preferred predictor of carcass IV particularly when the dietary fat is highly 
unsaturated.   
 What about simply using the concentration of linoleic acid in the diet, as previously 
suggested by Benz et al., (2011)?  These authors also concluded that IVP has weaknesses as a 
predictor of carcass IV, especially when differing fat sources and levels of inclusion are 
employed.  But similar to the data reported herein, differences in feed intake were observed 
across fat inclusion levels.   Daily feed intake is an important part of predicting carcass IV 
due to its effect on the pig’s supply of energy and of individual fatty acids, resulting in 
differences in de novo fat synthesis (Smith et al., 1996).  Since fatty acids synthesized de 
novo are typically more saturated, they can alter carcass IV (Duran-Montge et al., 2010).  
When dietary intake of fat is increased, de novo lipogenesis is decreased, a consequence of 
reduced sensitivity of fatty acid synthase in adipocytes (Clarke, 1993).  Therefore, 
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understanding the variability in dietary lipid intake by the pig should be considered when 
trying to predict carcass fat IV.  Concentrations of linoleic acid would certainly be a useful 
predictor of carcass IV, as clearly shown by Benz et al (2011), but a better predictor would 
be daily intake of this same fatty acid.   The advantage of concentration, whether it is IVP or 
linoleic acid, is the fact that it is known - and can be adjusted - prior to the feeding of the pig 
whereas daily intake will only be known with certainty after the pig has received the diet  
Historical data on feed intake could be used with some degree of confidence, especially 
within a given genetic pool and housing system, but since so many factors influence intake, it 
is difficult to predict with accuracy (Nyachoti et al., 2004). 
 Meeting a carcass fat IV standard can be achieved by limiting daily linoleic acid 
intake.  A precise and accurate limit on the maximum daily linoleic acid intake can be 
estimated by using the regression equation generated by the analysis of the relationship 
between individual daily linoleic acid intake and carcass IV in this experiment.  Based on this 
approach, a carcass IV standard of 74g/100g can be met by limiting linoleic acid intake to 
less than 111 g/d. Further validation of this standard is required under differing experimental 
conditions.  
  Research studying differences among deposited lipid profiles in the past focused on 
where individual fatty acids were deposited among subcutaneous, intramuscular, and visceral 
depots (Sink et al., 1964; Brooks 1967).  They first reported that linoleic acid concentrations 
of subcutaneous back fat can be as much as 18% higher than intramuscular fat, when pigs are 
fed a high corn oil diet (Leat et al., 1964).  More recently the focus has been on the elevated 
iodine values seen in jowl fat and the correlations among jowl, belly or back fat depots 
(Wiegand et al., 2011; Bee et al. 2002).  Similar to previous results, the results of the current 
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experiment showed that the IV of the jowl was significantly higher than that of the belly and 
back fat.  This difference was only evident when there was no or only 3% added fat in the 
diet  Regardless of source, there was not a significant difference among the sampling regions 
when fat was added to the diet at 6%.  As noted earlier, when dietary fat is increased, 
sensitivity of fatty acid synthase enzyme complex is decreased, causing de novo lipogenesis 
to be inhibited (Clarke, 1993).  This results in depot fat being more reflective of the dietary 
fat source, which may have diluted the difference seen among depots when dietary fat is 
included at 6%. 
 Pork bellies are a highly valued part of the carcass.  Over time, they have become 
leaner such that more scrutiny has been placed on the composition of belly fat as well as 
overall belly weight and depth (Trussell et al., 2011).   The data reported herein show that 
increasing the intake of unsaturated fat decreased belly firmness, and tended to decrease belly 
depth.  Previous studies that compared saturated versus unsaturated dietary fat sources 
reported the same changes in belly firmness (Apple et al., 2007, Jackson et al. 2009).  The 
results of the experiment reported herein also showed that increasing the dietary fat inclusion 
level tended to increase belly weight.  Therefore, to fully maximize belly weight and quality, 
a higher dietary concentration of a saturated fat source is preferred. 
 Barrows not only deposit more lipids in the carcass than gilts, but they have a more 
accelerated lipid deposition rate throughout the growth cycle when measured at similar body 
weights (Schinckel et al., 2008).  Therefore, it is logical to assume that carcass IV and belly 
characteristics among sexes may differ even when raised in similar environments and feeding 
programs (Correa et al., 2008).  This experiment showed no significant differences between 
barrows and gilts in fatty acid intake.  However, there was a difference in carcass IV at 
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market.  This suggests that differing sexes will respond differently to dietary fat source or 
inclusion level and needs to be considered when developing feed programs to achieve a 
specific carcass IV value. 
 The rate and efficiency of growth were improved by increasing the fat inclusion level 
in the diet, this was fully expected and has been reported previously (Patience, 2012).  Yet, 
there were no differences observed among the fat sources, which suggests that the energy 
available to the pig was similar across source, or that this experiment lacked sufficient 
sensitivity to detect differences which are believed to be small (NRC, 2012).   
 Though the main effect of dietary fat source did not significantly impact ATTD of dry 
matter and gross energy, as dietary fat inclusion rate increased, differences among sources 
were found.  Increasing dietary fat inclusion from 3% to 6% decreased the ATTD of dry 
matter and gross energy with TAL and CO, but not CWG.  The differences between these 
sources resulted in a source by level interaction.  Previous findings provided inconclusive 
evidence that fatty acid composition impacts ATTD. Wiseman et al., (1990) and Powles et 
al., (1994) showed that increasing the degree of unsaturation in the diet increased 
digestibility, but Jorgensen and Fernandez (2000) and Kerr et al., (2009) did not find this 
same effect.  Clearly, additional research on this topic is needed.  
 To conclude, limiting daily linoleic acid intake is a key to lowering carcass IV.  Of all 
the fatty acids present in the diet, only linoleic acid intake showed a strong relationship with 
carcass IV.  Furthermore, daily linoleic acid intake is a superior predictor of carcass IV 
compared to dietary concentration, especially when high fat diets are employed.   However, 
we found only a slight advantage to using daily linoleic acid intake over IVP as a predictor of 
carcass IV.   
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Table 2.1. Ingredient composition (as-fed basis) of the experimental diets d 0 to 27 
  3% 6% 3% 6% 3% 6% 
Item CNTR TAL TAL CWG CWG CO CO 
Ingredient, %        
 Corn 78.30 73.93 69.55 73.93 69.55 73.93 69.55 
 Soybean meal (46.5% CP) 18.34 19.64 20.94 19.64 20.94 19.64 20.94 
 CWG - - - 3.00 6.00 - - 
 CO - - - - - 3.00 6.00 
 TAL - 3.00 6.00 - - - - 
 Limestone 0.99 0.99 0.99 0.99 0.99 0.99 0.99 
 Monocalcium phosphate 0.75 0.75 0.76 0.75 0.76 0.75 0.76 
 Salt 0.50 0.50 0.50 0.50 0.50 0.50 0.50 
 L-lysine HCL 0.25 0.28 0.30 0.28 0.30 0.28 0.30 
 DL-methionine 0.03 0.05 0.08 0.05 0.08 0.05 0.08 
 L-threonine 0.07 0.09 0.11 0.09 0.11 0.09 0.11 
 Vitamin premix
1
 0.15 0.15 0.15 0.15 0.15 0.15 0.15 
 Trace mineral premix
2
 0.15 0.15 0.15 0.15 0.15 0.15 0.15 
 Titanium Dioxide 0.40 0.40 0.40 0.40 0.40 0.40 0.40 
 Santoquin 0.06 0.06 0.06 0.06 0.06 0.06 0.06 
Analyzed composition        
 DM, % 89.6 88.9 85.1 89.2 86.5 87.6 85.0 
 GE, Mcal/kg 3.87 4.14 4.40 4.15 4.42 4.17 4.38 
 ME, Mcal/kg
3 
3.15 3.43 3.57 3.42 3.64 3.39 3.58 
 CP (N × 6.25), % 15.42 13.78 14.87 12.84 14.08 13.24 14.32 
 Crude fat, % 2.43 5.33 7.52 5.28 8.08 4.86 8.00 
 Dietary fat IV
4
, g/100g - 41.9 41.9 66.5 66.5 123.1 123.1 
 Diet IV
5
, g/100g 130.0 93.2 66.3 104.6 87.3 133.1 134.8 
 Iodine value product
6 
31.6 49.7 49.9 55.2 70.5 64.7 107.8 
1
Provided per kilogram of complete diet: vitamin A, 6,614 IU; vitamin D, 827 IU; 
vitamin E, 26 IU; vitamin K, 2.6 mg; niacin, 29.8 mg; pantothenic acid, 16.5 mg; 
riboflavin, 5.0 mg; vitamin B12, 0.023 mg. 
2
Provided per kilogram of diet: Zn, 165 mg as zinc sulfate; Fe, 165 mg as iron sulfate; 
Mn, 39 mg as manganese sulfate; Cu, 17 mg as copper sulfate; I, 0.3 mg as calcium 
iodate; and Se, 0.3 mg as sodium selenite. 
3
Calculated using the equation by Noblet and Perez (1993); ME = DE × [1.003 – 
(0.0021 × CP)]
 
4
Iodine value assayed via titration (Barrow-Agee Labs) 
5
Iodine value calculated by: (IV) = [C16:1] X 0.95 + [C18:1] X 0.86 + [C18:2] X 1.732 
+ [C18:3] X 2.616 + [C20:1] X 0.785 + [C22:1] X 0.723; brackets indicate 
concentration (AOCS, 1998) 
6
Iodine value product calculated by: IVP = (IV of the dietary lipids) × (% dietary lipid) 
× 0.10 (Madsen et. al. 1992)
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Table 2.2. Ingredient composition (as-fed basis) of the experimental diets d 27 to 55 
  3% 6% 3% 6% 3% 6% 
Item CNTR TAL TAL CWG CWG CO CO 
Ingredient, %        
 Corn 84.75 80.48 76.20 80.48 76.20 80.48 76.20 
 Soybean meal (46.5% CP) 12.15 13.38 14.62 13.38 14.62 13.38 14.62 
 CWG - - - 3.00 6.00 - - 
 CO - - - - - 3.00 6.00 
 TAL - 3.00 6.00 - - - - 
 Limestone 1.01 1.00 1.00 1.00 0.99 0.99 0.99 
 Monocalcium phosphate 0.51 0.51 0.52 0.51 0.52 0.51 0.52 
 Salt 0.50 0.50 0.50 0.50 0.50 0.50 0.50 
 L-lysine HCL 0.25 0.27 0.28 0.27 0.28 0.27 0.28 
 DL-methionine - 0.02 0.04 0.02 0.04 0.02 0.04 
 L-threonine 0.06 0.08 0.09 0.08 0.09 0.08 0.09 
 Vitamin premix
1
 0.15 0.15 0.15 0.15 0.15 0.15 0.15 
 Trace mineral premix
2
 0.15 0.15 0.15 0.15 0.15 0.15 0.15 
 Titanium Dioxide 0.40 0.40 0.40 0.40 0.40 0.40 0.40 
 Santoquin 0.06 0.06 0.06 0.06 0.06 0.06 0.06 
Analyzed composition        
 DM, % 89.9 85.9 85.8 84.6 83.6 84.9 86.1 
 GE, Mcal/kg 3.84 4.12 4.39 4.14 4.41 4.17 4.40 
 ME, Mcal/kg
3 
3.32 3.49 3.63 3.48 3.71 3.51 3.67 
 CP (N × 6.25), % 11.20 11.81 12.01 12.74 12.83 12.06 12.84 
 Crude fat, % 3.24 6.30 8.74 5.85 8.67 5.67 8.54 
 Dietary fat IV
4
, g/100g - 41.9 41.9 66.5 66.5 123.1 123.1 
 Diet IV
5
, g/100g 121.8 85.1 67.6 99.1 94.3 132.6 134.5 
 Iodine value product
6 
39.5 53.6 59.1 58.0 81.8 75.2 114.9 
1
Provided per kilogram of complete diet: vitamin A, 6,614 IU; vitamin D, 827 IU; 
vitamin E, 26 IU; vitamin K, 2.6 mg; niacin, 29.8 mg; pantothenic acid, 16.5 mg; 
riboflavin, 5.0 mg; vitamin B12, 0.023 mg. 
2
Provided per kilogram of diet: Zn, 165 mg as zinc sulfate; Fe, 165 mg as iron sulfate; 
Mn, 39 mg as manganese sulfate; Cu, 17 mg as copper sulfate; I, 0.3 mg as calcium 
iodate; and Se, 0.3 mg as sodium selenite. 
3
Calculated using the equation by Noblet and Perez (1993); ME = DE × [1.003 – 
(0.0021 × CP)]
 
4
Iodine value assayed via titration (Barrow-Agee Labs) 
5
Iodine value calculated by: (IV) = [C16:1] X 0.95 + [C18:1] X 0.86 + [C18:2] X 1.732 
+ [C18:3] X 2.616 + [C20:1] X 0.785 + [C22:1] X 0.723; brackets indicate 
concentration (AOCS, 1998) 
6
Iodine value product calculated by: IVP = (IV of the dietary lipids) × (% dietary lipid) 
× 0.10 (Madsen et. al. 1992)
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Table 2.3. Effects of dietary fat source and inclusion level on growth performance and fatty acid intake 
 
Treatments
 
Sex
 
Trt 
SEM 
P-Value 
Item Control Tallow CWG Corn oil 
B G Trt
 
Sex
 
Source
 
Level
 
S × L
 
Level, 
% 
0 3 6 3 6 3 6 
ADG, 
kg 
0.93
b
 1.09
a
 1.07
ab
 0.99
b
 1.11
a
 1.04
ab
 1.12
a
 1.08 1.03 0.044 <0.001 0.037 0.96 0.044 0.11 
ADFI, 
kg 
3.11 3.26 3.10 2.96 3.12 3.11 3.08 3.31 2.90 0.130 0.07 <0.001 0.68 0.78 0.51 
G:F, 
kg 
0.301
d
 0.337
c
 0.347
abc
 0.336
c
 0.360
ab
 0.339
bc
 0.367
a
 0.326 0.356 0.007 <0.001 <0.0001 0.53 0.006 0.50 
Fatty acid intake
1
 
 16:0, 
g/d 
13.06
g 
40.78
c 
79.18
a 
29.11
d 
66.21
b 
18.15
f 
23.26
e 
43.16 36.76 0.590 <0.001 0.34 <0.001 <0.001 <0.001 
 16:1, 
g/d 
1.09
b 
0.38
d 
1.64
a 
0.45
d 
0.93
c 
nd
 
nd
 
0.74 0.60 0.011 <0.001 0.37 <0.001 <0.001 <0.001 
 17:1, 
g/d 
nd
 
4.80
a 
0.49
e 
3.84
b 
1.86
c 
nd
 
0.96
d 
1.93 1.60 0.034 <0.001 0.51 <0.001 <0.001 <0.001 
 18:0, 
g/d 
1.56
e 
14.09
c 
40.59
a 
6.80
d 
18.70
b 
0.11
e 
1.66
e 
13.71 15.11 0.240 <0.001 0.56 <0.001 <0.001 <0.001 
 18:1, 
g/d 
21.35
f 
48.79
d 
56.37
c 
49.01
d 
78.08
a 
40.54
e 
63.34
b 
55.80 48.80 0.700 <0.001 0.15 <0.001 <0.001 <0.001 
 18:2 
g/d 
46.66
f 
72.95
d 
61.97
e 
70.66
de 
84.98
c 
98.17
b 
153.36
a 
89.48 80.07 1.22 <0.001 0.32 <0.001 <0.001 <0.001 
 18:3 
g/d 
2.88
b 
1.42
f 
2.37
d 
1.99
e 
3.52
b 
2.72
c 
3.98
a 
2.89 2.53 0.037 <0.001 0.13 <0.001 <0.001 0.030 
IVP 
intake, 
g/d
2 
32.7
f 
95.9
e 
134.1
c 
93.7
e 
195.7
b 
111.9
d 
272.9
a 
139.8 128.1 2.01 <0.001 0.56 <0.001 <0.001 <0.001 
a,b,c
Within a row, means without a common superscript differ (P<0.05) 
1
Fatty acid intake (g/d) = ADFI (g/d) × dietary fatty acid (%) × ether extract (%) 
2
IVP intake (g/d) = ADFI (100g/d) × IV of the dietary lipids × 0.10 × ether extract (%) 
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Table 2.4. Effects of dietary treatment on energy intake and apparent total track digestibility of energy and dry matter 
 
Treatments Trt P-Value 
Item Control Tallow CWG Corn oil SEM Trt Source Level S × L 
Level, % 0 3 6 3 6 3 6      
Energy intake    
 DE
1
, Mcal/d 10.37
d 
11.61
a 
11.47
b 
10.44
d 
11.76
a 
11.05
c 
11.44
b 
0.020 <0.001 <0.001 <0.001 <0.001 
 ME
2
, Mcal/d 10.07
d 
11.31
a 
11.14
b 
10.19
d 
11.43
a 
10.78
c 
11.13
b 
0.020 <0.001 <0.001 <0.001 <0.001 
ATTD
3
, %             
 Gross energy 86.17
a 
86.05
ab 
84.14
d 
84.91
bcd 
85.21
abcd 
85.31
abc 
84.74
cd 
0.154 0.010 0.98 0.06 0.023 
 Dry matter 88.08
a 
87.17
ab 
84.29
e 
85.74
cd 
85.11
de 
86.23
bc 
84.98
de 
0.146 <0.001 0.66 <0.001 0.012 
a,b,c
Within a row, means without a common superscript differ (P<0.05) 
1
Determined digestible energy content 
2
Calculated using the equation by Noblet and Perez (1993); ME = DE × [1.003 – (0.0021 × CP)]. 
3
 ATTD, % = 100 – [100 × (concentration of TiO2 in diet (g) × concentration of component in feces or digesta/concentration of TiO2 in 
feces or digesta (g) × concentration of component in diet (g))] (Oresanya et al., 2007).
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Table 2.5. Effects of dietary treatment fat source and inclusion level on carcass iodine value via titration
1
 
 
Treatments Sex 
Pooled 
SEM 
P-Value 
Item Control Tallow CWG Corn oil 
B G Trt Sex Trt Sex Source Level S × L 
Level, % 0 3 6 3 6 3 6 
Dietary fat 
IV, g/100 g 
- 41.9 66.5 123.1 - - - - - - - - - 
Carcass fat 
IV
2
, g/100 g  
65.4
d
 66.3
d
 67.2
d
 70.2
c
 70.3
c
 72.6
b
 80.0
a
 69.1 71.5 0.73 0.40 <0.001 <0.001 <0.001 <0.001 <0.001 
Belly fat IV, 
g/100 g 
63.3
e
 64.0
e
 65.9
de
 67.9
cd
 69.1
c
 72.0
b
 79.1
a
 66.7 70.8 1.06 0.59 <0.001 <0.001 <0.001 0.051 0.034 
Back fat IV, 
g/100 g 
63.9
c
 64.3
c
 66.4
c
 70.3
b
 70.0
b
 70.9
b
 81.4
a
 68.6 70.6 1.19 0.66 <0.001 0.042 <0.001 0.026 <0.001 
Jowl fat IV, 
g/100 g 
69.3
d
 70.9
cd
 69.6
d
 72.6
c
 72.0
c
 75.6
b
 79.6
a
 72.2 73.4 1.04 0.85 <0.001 0.053 <0.001 0.56 0.002 
a,b,c
Within a row, means without a common superscript differ (P<0.05) 
1
Iodine value assayed via titration (Barrow-Agee Labs) 
2
Carcass fat IV was averaged across the three sampling sites: belly fat IV, back fat IV, and jowl fat IV 
4
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Table 2.6. Effects of dietary fat source and inclusion level on iodine value via 
titration by sample site
1
 
 
Sample Site IV g/100 g 
  
Treatments Belly fat Back fat Jowl fat SEM P-Value 
Control 63.3
y
 63.9
y
 69.3
x
 1.28 0.006 
Tallow 3% 64.0
y
 64.3
y
 70.9
x
 0.81 <0.001 
Tallow 6% 65.9 66.4 69.6 1.61 0.34 
CWG 3% 67.9
y
 70.3
xy
 72.6
x
 0.77 0.003 
CWG 6% 69.1 70.0 72.0 0.96 0.36 
Corn oil 3% 72.0
xy
 70.9
y
 75.6
x
 1.11 0.042 
Corn oil 6% 79.1 81.4 79.6 1.08 0.32 
x,y,z
Within a row, means without a common superscript differ (P<0.05) 
1
Iodine value assayed via titration (Barrow-Agee Labs) 
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Table 2.7. Effects of dietary fat source and inclusion level on carcass fatty acid profile measured at the jowl 
 
Treatments 
Sex 
Trt 
SEM 
P-Value Item CNTR TAL TAL CWG CWG CO CO 
Level, 
% 0 3 6 3 6 3 6 
B G 
Trt 
Sex Source Level S × L 
14:0 1.56 1.69 1.87 1.66 1.69 1.87 2.02 1.87 1.68 0.055 0.29 0.14 0.69 0.55 0.13 
16:0 24.63 25.19 26.34 24.64 29.73 27.42 26.05 27.85 25.47 0.614 0.38 0.08 0.69 0.28 0.24 
16:1 1.96 2.07 1.89 2.48 1.52 1.87 1.36 1.93 1.84 0.140 0.56 0.78 0.59 0.11 0.64 
18:0 9.90
abc 
10.52
ab 
13.04
a 
8.28
bc 
10.66
ab 
7.87
bc 
6.34
c 
9.76 9.59 0.463 0.015 0.89 0.005 0.38 0.26 
18:1 45.11
a 
43.03
ab 
37.93
abc 
42.15
ab 
31.63
c 
35.63
bc 
36.86
bc 
36.73 40.11 1.030 0.025 0.18 0.34 0.06 0.20 
18:2 13.95
c 
14.43
c 
15.66
c 
17.32
bc 
20.32
ab 
21.56
a 
24.39
a 
18.03 18.10 0.511 <0.001 0.97 <0.001 0.12 0.80 
18:3 0.52
c 
0.62
bc 
0.71
abc 
0.68
abc 
0.86
a 
0.78
ab 
0.78
ab 
0.72 0.70 0.025 0.028 0.73 0.20 0.12 0.50 
20:1 1.01 1.11 1.17 1.28 1.51 1.23 1.05 1.40 1.08 0.043 0.09 0.008 0.06 0.70 0.27 
IV 64.0
d 
63.9
d 
63.1
d 
68.1
bc 
67.6
c 
70.6
b 
78.6
a 
66.0 69.0 0.70 <0.001 0.048 <0.001 <0.001 <0.001 
a,b,c
Within a row, means without a common superscript differ (P<0.05)
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Table 2.8. Effects of dietary fat source and inclusion level on belly weight, depth, and firmness  
 
Treatments Sex Pooled SEM P-Value 
Item Control Tallow CWG Corn oil 
B G Trt Sex Trt Sex Source Level S × L 
Level, % 0 3 6 3 6 3 6 
Dietary fat IV, 
g/100 g 
- 41.9 66.5 123.1 - - - - - - - - - 
Belly weight, 
kg 
8.3
c
 9.2
ab
 9.2
ab
 8.7
abc
 9.5
a
 8.6
bc
 9.5
a
 9.41 8.58 0.44 0.37 0.039 <0.001 0.86 0.053 0.39 
Belly firmness
1
 1.78 1.65 1.65 1.78 2.31 2.42 2.05 1.56 2.34 0.228 0.126 0.07 <0.001 0.050 0.73 0.24 
Belly MT
2
, cm 2.62 2.73 2.78 2.59 2.76 2.50 2.50 2.82 2.45 0.177 0.148 0.40 <0.001 0.10 0.52 0.78 
Belly ET
3
, cm 3.70 4.14 4.03 3.86 3.83 3.46 3.67 4.30 3.33 0.187 0.104 0.17 <0.001 0.07 0.96 0.87 
a,b,c
Within a row, means without a common superscript differ (P<0.05) 
1
Measured by a subjective score of 1, 2, or 3 with 1 being the firmest 
2
Measured in the middle of the belly 
3
Measured on the middle of the scribe side edge of the belly 
4
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Table 2.9. Effects of dietary fat source and inclusion level on hot carcass weight and loin muscle depth 
 
Treatments Sex Pooled SEM P-Value 
Item Control Tallow CWG Corn oil 
B G Trt Sex Trt Sex Source Level S × L 
Level 0 3 6 3 6 3 6 
HCW, kg 95.2
b
 102.1
a
 102.7
a
 100.0
ab
 105.1
a
 103.1
a
 106.0
a
 105.0 99.0 2.33 1.55 0.017 <0.001 0.74 0.17 0.64 
LM depth, 
cm 
6.8 6.3 6.3 6.7 6.2 5.9 6.8 6.3 6.6 0.70 0.67 0.07 0.10 0.85 0.25 0.021 
a,b,c
Within a row, means without a common superscript differ (P<0.05) 
4
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Table 2.10. Effects of dietary fat source and inclusion level on back fat and fat free lean % 
 
Treatments 
Pooled 
SEM 
P-Value 
Item Control Tallow CWG Corn oil 
Trt Sex Trt Sex Source Level S × L 
Sex × 
Source Level 0% 3% 6% 3% 6% 3% 6% 
Back fat, 
cm
 
              
 
Barrows 2.23 2.74 2.13 2.92 2.95 2.20 2.13 
0.15 0.11 0.28 <0.001 0.98 0.85 0.98 0.002 
Gilts 1.83 1.90 1.99 1.82 1.75 2.15 2.01 
Fat free 
lean, %               
 
Barrows 52.9 49.6 52.9 48.7 48.3 52.4 54.7 
1.6 1.4 0.19 <0.001 0.99 0.68 0.58 0.004 
Gilts 56.3 55.0 54.6 56.2 55.9 53.1 54.7 
4
5
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Figure 2.1. Carcass iodine value averaged across three sample sites affected by linoleic acid 
(18:2) intake
1 
1
Fatty acid intake (g/d) = ADFI (g/d) × dietary fatty acid (%) × ether extract (%)
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Figure 2.2. Carcass iodine value averaged across three sample sites affected by linolenic acid 
(18:3) intake
1 
1
Fatty acid intake (g/d) = ADFI (g/d) × dietary fatty acid (%) × ether extract (%)
48 
 
 
 
Figure 2.3. Carcass iodine value averaged across three sample sites affected by palmitic acid 
(16:0) intake
1 
1
Fatty acid intake (g/d) = ADFI (g/d) × dietary fatty acid (%) × ether extract (%)
49 
 
 
 
Figure 2.4. Carcass iodine value averaged across three sample sites affected by stearic acid 
(18:0) intake
1 
1
Fatty acid intake (g/d) = ADFI (g/d) × dietary fatty acid (%) × ether extract (%)
50 
 
 
 
Figure 2.5. Carcass iodine value averaged across three sample sites affected by oleic acid 
(18:1) intake
1 
1
Fatty acid intake (g/d) = ADFI (g/d) × dietary fatty acid (%) × ether extract (%) 
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Figure 2.6. Carcass iodine value averaged across three sample sites affected by iodine value 
product (IVP) intake
1 
1
IVP intake (g/d) = ADFI (g/d) × IV of the dietary lipids × 0.10 × ether extract (%)
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Figure 2.7. Carcass iodine value (IV) averaged across three sample sites affected by iodine 
value product (IVP)
1 
1
IVP = (IV of the dietary lipids) × (% dietary lipid) × 0.10 (Madsen et. al. 1992)
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Figure 2.8. Carcass iodine value (IV) averaged across three sample sites affected by 
treatment means of linoleic acid (18:2) intake
1
  
1
Fatty acid intake (g/d) = ADFI (g/d) × dietary fatty acid (%) × ether extract (%)
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CHAPTER III 
 IMPACT OF DIETARY FAT WITHDRAWAL ON CARCASS IODINE VALUE, 
BELLY CHARCTERISTICS, AND CHANGES IN BODY FAT OVER TIME 
 
A paper submitted to the Journal of Animal Science 
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, K. J. Prusa
2
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Abstract 
 The inclusion of unsaturated fats in pig diets has raised issues related to pork carcass 
fat quality. The objective of this experiment was to understand how withdrawal from the diet 
of unsaturated dietary fat prior to slaughter impacts the composition of jowl fat during the 
growth cycle and at market. Fifty individually housed pigs (PIC 337 × C22/29; initial BW = 
59.3 ± 0.55 kg), were allotted based on sex and initial BW to 10 treatments for an 82 d 
experiment as follows: 3 dietary fat withdrawal times prior to slaughter (21, 42 or 63d) by 3 
dietary fat sources (5% animal-vegetable blend (AV; iodine value (IV) = 90.7), 2.5% corn oil 
(2.5% CO; IV = 122.7) or 5% corn oil (5% CO), plus a control diet with no added fat 
(CNTR) fed throughout the duration of trial. Pigs were weighed and jowl adipose samples 
were collected on days 0, 21, 42, 63 and at harvest on d82. Data were analyzed using 
PROCMIXED with treatment and sex as fixed effects. At market (d82) increasing the 
withdrawal of dietary fat further away from market increased 18:1 (P < 0.01) and tended to 
increase 14:0 concentrations (P = 0.054).   
1
Graduate student in Department of Animal Science, Iowa State University and author 
2
 Professor of Food Science and Human Nutrition, Iowa State University and collaborator 
3
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It also significantly decreased 18:2 (P <0.01), and tended to decrease 18:3 concentrations (P 
= 0.08).  Dietary 5% CO resulted in the greatest 18:2 concentrations in jowl fat, followed by 
2.5% CO; 5% AV resulted in the lowest 18:2 levels (P < 0.01).  Dietary fat withdrawal 
before market significantly reduced carcass IV measured at d82 (P < 0.01).  In conclusion, 
elevated 18:2 intake, such as adding feeding 5% CO makes lowering carcass IV in the depot 
fat very difficult and may take as long as 61d.  The withdrawal of unsaturated dietary fat 
apparently encouraged de novo lipogenesis, resulting in a more saturated depot fat. 
Importantly, this alteration of deposited fat composition did not translate into improved belly 
firmness, depth, weight, or fat color.  
 
Introduction 
 For nearly a century it has been known that the composition of fat in the carcass of 
the pig is reflective of the nature of the fat in the diet (Ellis and Isbell, 1926).  Recently it has 
been shown that the composition of deposited fat can be altered quickly when diets differ in 
the quantity of polyunsaturated fatty acids (PUFA) (Apple et. al. 2009; T. A. Kellner, 
unpublished data).  The rate of elimination of linoleic acid (18:2) and other PUFAs from the 
adipose tissue is comparatively much slower than the deposition (Warrants et. al., 1999; Xu 
et. al., 2010). 
 Increased PUFAs in the diet have resulted in softer fat, which may hinder the ability 
of pork producers and processors to meet export standards and may also affect processing 
characteristics (Carr et. al., 2005).  Therefore packers are employing iodine value (IV), a 
measurement of double bonds, as a proxy for carcass fat quality (Benz, 2011).  Iodine value 
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can be measured via direct titration or calculated from a fatty acid profile, but in either 
instance, quantifies the degree of unsaturation in a fat sample (AOCS, 1998). 
 Since fatty acids generated de novo are largely saturated (Banks and Hilditch, 1932; 
Kloareg et. al., 2005), it is logical to assume that withdrawal of the unsaturated fat from the 
diet would lower the IV.  Ideally, producers need to meet carcass IV standards set by packers 
while at the same time taking advantage of cost savings from the use of ingredients which 
may contain highly unsaturated fats. To do so, information is required on the impact of fat 
withdrawal on carcass fat composition, especially the time line of change following dietary 
removal. 
 The objective of this study was to quantify changes in carcass fatty acid composition 
following the withdrawal of fats of differing composition from the diet.  The hypothesis was 
that carcass IV declines in a direct relationship with the timing of dietary fat withdrawal. 
 
Materials and Methods 
 All experimental procedures adhered to guidelines for the ethical and humane use of 
animals for research, and were approved by the Iowa State University Institutional Animal 
Care and Use Committee (#5-12-7368-S). 
 
Animals, Housing, and Experimental Design  
 A total of 50 pigs (PIC 337 × C22/C29, Pig Improvement Company, Hendersonville, 
TN) with an initial body weight of 59.3 ± 0.55 kg were randomly allotted to one of 10 
treatments. Treatments included a corn soybean meal control diet with no added fat (CNTR) 
plus 9 additional treatments, arranged in a 3 by 3 factorial, incorporating 3 dietary fat 
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withdrawal treatments (WD) 61d, 40d, or 19d prior to market (providing a dietary fat feeding 
duration period of 21d, 42d, or 63d) and 3 different dietary fat unsaturation loads (DFUL): 
5% animal-vegetable blend (5% AV; IV = 90.7), 2.5% corn oil (2.5% CO; IV = 122.7) or 5% 
corn oil (5% CO).  The dietary fat unsaturation load (DFUL) was defined as the 
concentration of unsaturated fatty acids present in the diet prior to the withdrawal of dietary 
fat from the diet.   The DFUL in this experiment was selected to provide a high intake of 
unsaturated fatty acids (5% CO), a high intake of a mixture of saturated and unsaturated fatty 
acids (5% AV), and a moderate intake of unsaturated fatty acids (2.5% CO).  This allowed 
for the comparison of fat sources and levels in terms of their effect on the composition of 
deposited fat.  Pigs were housed individually in 1.8 × 1.9 m pens to permit measurement of 
individual feed – and thus fatty acid - intake. Each pen had a partially slatted concrete floor, a 
composite self-feeder, and a nipple drinker. Feed and water were available continuously 
throughout the experiment. 
 
Diets and Feeding 
 All experimental diets (Table 3.1) were formulated on an ME to SID lysine ratio and 
met and or exceeded all specified nutrient requirements for pigs of this size (NRC, 2012).  
Diets contained 0.40% titanium dioxide as a digestibility marker.  Representative feed 
samples were collected at the time of mi ing and stored at -   C for later analysis. 
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Sample Collection 
 Pigs and feeders were weighed on d 0, 21, 42, 63, and 82 for determination of average 
daily gain, average daily feed intake, and feed conversion.  Fecal grab samples were 
collected on day 21, 42, and 63 and immediately stored at -   C for later analysis. 
 Subcutaneous fat samples from the jowl were collected at d 0, 21, 42, and 63 by 
biopsy.  The skin was removed from each 10 gram lipid sample and immediately inserted 
into a 7.62 × 12.70 cm plastic bag (FisherBrand, Fisher Science, Hanover Park, IL) and snap-
frozen using liquid nitrogen.  These samples were then stored in a -80°C freezer until 
analyzed.    
 On d 82, pigs were marketed at the JBS plant in Marshalltown, IA, where hot carcass 
weight, loin depth, and back fat thickness were measured.  Samples of jowl, belly, and 
backfat were collected, vacuum packaged, and stored at -   C until analy ed.  The right side 
belly from each pig was collected and measured for weight, temperature and thickness.  Total 
thickness was measured in two locations in the center of the belly for middle thickness (MT) 
and at the center of the scribe edge of the belly for edge thickness (ET).  A belly firmness test 
was conducted using a durometer (Model 1600-OOO-S, Electromatic Equipment Co., Inc., 
Cedarhurst, NY 11516) which measured compression of the fat (1-100 with 1 least firm and 
100 firmest).  A subjective belly firmness test was conducted by assigning a visual score (1-
firm to 3-soft) based on the degree of flop of the belly.  Objective color measures were 
obtained using a Minolta Chromameter CR-310 (Minolta Corp., Ramsey, NJ) equipped with 
a 50-mm orifice calibrated against a white tile.  The objective color and durometer measures 
were taken in the middle of the belly with skin removed 3 cm from the proximal edge. 
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Analytical Methods 
 Fatty acids were extracted from adipose tissue and feed samples by a one-step direct 
transesterification procedure (Lepage and Roy, 1986).  These samples were then assayed for 
total fatty acid content by gas chromatography using a Model 3900 gas chromatograph fitted 
with a CP-8400 automatic injector (Varian Analytical  nstruments, alnut Creek, CA) using 
a   -m capillary column ( .  -mm diameter; odel  B-  ; Agilent, Santa Clara, CA).  
 elium was used as the carrier gas at  .  m  mm (     split ratio).   ven temperature started 
at    C and increased to     C over a    minute period.  The in ector and detector were 
maintained at     C.   dentification of fatty acid peaks was done by using purified fat samples 
from Sigma-Aldrich, Co. (St. Louis, MO). Carcass fat samples collected from the jowl, belly 
and back fat at harvest were sliced into 100 g samples, vacuum packaged and submitted for 
IV determination via direct titration (Barrow-Agee Labs, Memphis, TN).  Diet samples were 
analyzed for IV via titration (Barrow-Agee Labs, Memphis, TN). In addition, the total ether 
extract content of the diets was determined following acid hydrolysis (Experiment Station 
Chemical Laboratories, UMC – Columbia, MO).   
  Fecal samples were thawed at room temperature, homogenized within sample and 
stored at -20°C.  Later, feed and fecal samples were finely ground through a   mm screen in a 
Retsch grinder ( odel    , Retsch  nc.,  ewtown,  A).   ry matter was determined by 
drying samples in an oven at     C to a constant weight.   ross energy was determined using 
a bomb calorimeter (Model 6200, Parr Instrument Co., Moline, IL).  Benzoic acid (6318 
kcal/kg; Parr Instruments, Moline, IL) was used as the standard for calibration and was 
determined to be 6322 ± 0.65 kcal/kg.   
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Calculations 
 Iodine Value was calculated from the fatty acid profile according to the following 
equation: (IV) = [C16:1] × 0.95 + [C18:1] × 0.86 + [C18:2] × 1.732 + [C18:3] × 2.616 + 
[C20:1] × 0.785 + [C22:1] × 0.723; brackets indicate concentration (%) (AOCS, 1998). 
 
Statistical Analysis 
 The experiment was designed as a 3 X 3 factorial + 1, with fat level and fat source as 
the main effects.  The “+  ” was the control diet formulated to contain no added fat, as 
explained previously.  For analysis of the 9 treatments arranged as a 3 X 3 factorial, the main 
effects of dietary fat unsaturation load (2.5% CO vs. 5% AV vs. 5% CO) and length of 
withdrawal of dietary fat prior to market (19 vs. 40 vs. 61d) and their interactions (DFUL × 
WD) were analyzed using the PROC MIXED procedure of SAS (SAS 9.3, Cary, NC) with 
treatment and sex as fixed effects, and sample data as a repeated measure. The above model 
was also employed to determine the main effect of gender.  All P-values less than 0.05 were 
considered significant and P-values between 0.05 and 0.10 were considered trends. 
 The comparison of the CNTR treatment against the 9 treatments in the 3 × 3 factorial 
(reported as the P-value treatment) was analyzed using the least square means and PDIFF 
options of PROC MIXED with sample data as a repeated measure.  Non-detectable fatty acid 
values (nd) were treated as zero.  The comparison of the relationship between fatty acid 
intake and fatty acid composition of carcass fat was analyzed using PROC REG.  
 Non-detectable fatty acid values (nd) were treated in all statistical analyses as zero.  
 All P-values less than 0.05 were considered significant and P-values between 0.05 
and 0.10 were considered trends.  
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Results 
Length of dietary fat withdrawal prior to market effects on growth performance, fatty 
acid intake, deposited fat composition, and carcass characteristics 
 Lengthening the time of dietary fat withdrawal from the diet had no adverse effect on 
average daily gain (P > 0.50; Table 3.2), tended to increase average daily feed intake as 
expected (P = 0.09), and tended to decrease the efficiency of converting gain from feed (P = 
0.08).  Increasing the withdrawal time obviously decreased the consumption of dietary fat, 
which in turn resulted in lower total intake (d0-82) of palmitic acid (16:0), stearic acid (18:0), 
oleic acid (18:1), linoleic acid (18:2), and linolenic acid (18:3) (P < 0.01; Table 3.3). 
 Increasing the length of dietary fat withdrawal resulted in decreased concentrations of 
18:2 and increased concentrations of 16:0 and 18:1 in the jowl (d63; P < 0.05; Table 3.4).  As 
hypothesized, increasing the withdrawal time of an unsaturated dietary fat decreased the 
PUFAs deposited in the pig carcass as evidenced by lower 18:2 (d82; P < 0.01; Table 3.4), 
and 18:3 concentrations in the jowl (P = 0.08).  Conversely, lengthening the withdrawal time 
increased the jowl concentration of 18:1 (d82; P < 0.01) and tended to increase 14:0 (P = 
0.054) at market. 
 Extending the withdrawal time of an unsaturated dietary fat source prior to market 
resulted in increased saturation of fat in the jowl, evidenced by lowering the carcass IV at 
market (P < 0.01; Table 3.7), when IV was determined by direct titration but not when the IV 
was determined by calculation from the fatty acid profile(P > 0.15; Table 3.6).  Lengthening 
the time of withdrawal of the unsaturated dietary fat source did not improve belly firmness, 
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weight, depth, or fat color (P > 0.25; Table 3.8).  Nor was there any impact on hot carcass 
weight, loin muscle depth, or back fat depth (P > 0.30; Table 3.9). 
 
Dietary fat unsaturation load (DFUL) effects on growth performance, fatty acid intake, 
deposited fat composition, and carcass characteristics 
 The unsaturation load of the diet prior to withdrawal of dietary fat had no significant 
impact on average daily gain, average daily feed intake, or gain to feed (P > 0.75; Table 3.2). 
 Creating differing dietary loads of fatty acid unsaturation prior to the withdrawal of 
dietary fat resulted in different intakes of fatty acids; 2.5% CO had the lowest intake of 16:0, 
with 5% CO and 5% AV being similar (P < 0.01; Table 3.3).  Animal-vegetable blend added 
at 5% resulted in the highest daily intake of 18:0, 18:1, and 18:3, with 5% CO having slightly 
higher intake of 18:0, 18:1, and 18:3 consumption compared to 2.5% CO (P < 0.01).  The 
smaller than expected difference between 2.5 % and 5.0 % CO was the result of lower feed 
intake on the higher fat diet, an outcome that was not unexpected.  Linoleic acid intake was 
similar on  the diets containing 2.5% CO and 5% AV, both of which were significantly lower 
than in pigs fed the 5% CO treatment (P < 0.01). 
 The 2.5% CO diet resulted in higher concentrations of 16:0 in the jowl on d63 
compared to 5% AV and 5% CO (P < 0.05; Table 3.4).  On d63, the inclusion of 2.5% CO 
for any period of time period tended to increase the concentration of 18:1 (P = 0.053), and 
decreased concentrations of 18:3 and 20:1 when compared with either the 5% AV or 5% CO 
treatments (P < 0.02).   
 At market (d82), the diet containing 5.0% CO elevated 18:2 concentrations in the 
jowl compared against 2.5% CO or 5% AV (P < 0.01; Table 3.4).  However, no other fatty 
was altered by the increase or decrease of DUFL prior to withdrawal (P > 0.25). 
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 As hypothesized, increasing the DUFL through feeding a more unsaturated source at 
a higher inclusion rate resulted in an increased carcass IV at market (d82) irrespective of 
whether it was determined via titration (P < 0.02; Table 3.7) and was calculated (P < 0.02; 
Table 3.6).  But, the DFUL had no impact on calculated IV on d21, 42, or 63 (P > 0.10; 
Table 3.6). 
 Increasing the DFUL resulted in poorer belly firmness measured by both a durometer 
and a subjective flop test (P < 0.03; Table 3.8).  However, increasing the DFUL did not alter 
belly weight, belly depth, or fat color (P > 0.30).   Increasing the DFUL did decrease back 
fat depth, evident as 5% CO had the least back fat depth in comparison with the other two 
dietary treatments (P = 0.01; Table 3.9).  
 
Interactions between length of withdrawal of dietary fat and the dietary fat 
unsaturation load prior to withdrawal of dietary fat 
 Due to pigs consuming more feed and therefore more fatty acids as they increase in 
body weight, interactions between dietary treatment and withdrawal time were observed, for 
example in the total intake (d0-82) of 16:0, 18:0, and 18:1 (P < 0.04; Table 3.3).  However, 
no interaction between DFUL × WD was evident for the total intake of 18:2 and 18:3 (P > 
0.14).   
 Despite multiple DUFL × WD interactions for the intake of differing fatty acids, only 
a trend for a DFUL × WD interaction was evident in deposited jowl fat for 16:0 on d63, due 
to the more rapid increase in concentration of 16:0 when withdrawing 5% CO compared with 
2.5% CO and 5% AV (P = 0.057; Table 3.4).  No other DUFL × WD interactions were 
evident (P > 0.10). 
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Gender effects on growth performance, fatty acid intake, deposited fat composition, and 
carcass characteristics 
 As expected, barrows grew faster and ate more feed than gilts (P > 0.02; Table 3.2).  
However, there was no difference between the sexes for gain to feed (P > 0.30).  No 
significant fatty acid intake differences were evident between barrows and gilts at any point 
in the experiment (P > 0.10; Table 3.3). 
 At market (d82), gilts had a higher concentration of 18:2 in the carcass fat than 
barrows (P > 0.02), while barrows tended to have higher 16:0 than gilts (P = 0.054).  Gilts 
also had a higher calculated carcass IV than barrows (P < 0.02; Table 3.6).  However, when 
IV was measured via titration, there was no significant difference between gilts and barrows 
(P > 0.30; Table 3.7). 
 Barrows had firmer bellies than gilts via a subjective belly flop score (P < 0.04; Table 
3.8), but this belly firmness difference was not significant when measured via a durometer (P 
> 0.10).  Barrows had heavier and thicker bellies than gilts (P < 0.04).  Barrows tended to 
had heavier hot carcass weights than gilts (P = 0.06; Table 3.9).  Gilts had less back fat than 
barrows (P < 0.01), but there was no significant difference between sexes for loin muscle 
depth (P > 0.15). 
  
DISCUSSION 
 Withdrawal of unsaturated dietary fat further away from market successfully lowered 
carcass IV, at least when it was measured directly via titration; this was not the case when 
carcass IV was calculated from the fatty acid profile.  However, withdrawal of dietary fat 
from the diet successfully lowered the concentration of 18:2, the key fatty acid measured 
when evaluating pork fat quality (Carr et. al., 2005).  To be effective and valuable, 
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withdrawing dietary fat prior to market must work rapidly and consistently to allow 
producers to take advantage of cost saving ingredients. If the reduction is too slow, then the 
removal of lower cost ingredients containing highly saturated fats takes too long and 
producers miss significant feed cost savings.  A 19d withdrawal of 2.5% CO or 5% AV blend 
allowed for carcass IV values to be lowered to acceptable levels, but 5% CO required a 
withdrawal of 61d prior to market before lowering IV below 74g/100g.  Koch et. al. (1968) 
suggested that 18:2 was maintained in the subcutaneous adipose tissue as a reservoir for 
storage of the essential fatty acids, and that 18:2 is deposited preferentially at the expense of 
other non-essential fatty acids.  Warrants et. al. (1999) used beef tallow to eliminate 18:2 
from the pork fat depot; he also reported preferential storage of 18:2.  Therefore, the 
elimination of 18:2 and the resulting lowering of carcass IV may be difficult when the diet in 
question contains a higher concentration of 18:2 or a higher DFUL. This conclusion is 
supported by the current data.  
 Enser (1984) showed that a diet containing sufficient energy to meet the needs of the 
growing pig reduced their reliance on lipid mobilization.  Since lipolysis in the adipocyte is 
continual, released fatty acids will be re-esterified and remain in the adipocyte (Mears and 
Mendel, 1974), and fatty acid turnover will not be a significant factor in altering the fatty 
acid composition.    Thus, if the concentration of PUFAs deposited from the previously-fed 
diet leaves a large pool of unsaturated fat, the pace of dilution with more saturated fatty acids 
coming either from a follow-up diet or from de novo synthesis in the adipocyte will be 
slowed.  In the pig, it has been shown that decreasing inclusion of fat in the diet will increase 
the rate of de novo lipogenesis (Allee et. al., 1972).  Additionally, the fatty acids synthesized 
from Acetyl Co-A in the pig is more saturated in structure (Kloareg et. al., 2005).  Thus, 
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increasing the rate of de novo synthesis can alter the saturation of pork fat and will result in 
the lowering of carcass IV (Duran-Montge et. al., 2010).  While, de novo lipogenesis was not 
measured directly in this experiment, these data did show that 18:2 concentrations can be 
diluted by withdrawing dietary fat prior to market or feeding a diet with a lower DFUL.   
 As hypothesized, carcass IV was improved by lengthening the period of withdrawal 
of unsaturated dietary fat prior to harvest.  Surprisingly though, this improvement in carcass 
IV did not translate into any improvement in belly firmness, weight, depth, or fat color.  
Previous studies have shown negative effects of unsaturated dietary fat sources on belly 
firmness in comparison with saturated dietary fat sources (Apple et. al., 2007, Jackson et. al. 
2009). Withdrawal of unsaturated dietary fat in this study did not provide the improvement 
we expected.  This may be due to the low number of experimental units utilized in this model 
to quantify the change in the deposited profile of fatty acids in the pig.  Clearly, more 
research on this aspect of carcass fat quality is required, in order to fine tune DUFA 
withdrawal strategies.   
 Starting with Ellis and Isbell (1926), it has been shown that deposited fat will be 
largely reflective of the composition of dietary fat.  By design, altering the composition of 
the depot fat prior to withdrawal was done by differing consumption loads of PUFAs.  
Inclusion of different dietary fat treatments showed that deposited fat will increase in 
unsaturation based on the fatty acid intake of the diet.  However, the relationship is not as 
tight as one might expect, because the DUFL is influenced by both the fatty acid composition 
of the diet and the daily intake of that diet.  Depending on the energy status of the pig, adding 
higher levels of fat to the diet may result in lower daily feed intake (Patience, 2012). 
Increasing the DUFL prior to fat withdrawal certainly had the expected effect of increasing 
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belly softness and carcass IV.   Thus, withdrawal time and diet fat concentration and profile 
must all be taken into account when seeking carcass fat quality improvements.   
 At similar body weights, barrows have a greater lipid deposition rate than gilts 
(Schinckel et. al., 2008).  Thus, carcass IV and belly characteristics may differ among sexes 
even when raised in similar environments and on similar feeding programs (Correa et. al., 
2008).  In this study, differences between sexes were evident at market for calculated carcass 
IV, 18:2 concentration, belly firmness, depth, and weight.  Barrows presented the more 
favorable carcass fat quality as compared to gilts.   
 To summarize, if the consumption of PUFAs is relatively low prior to the withdrawal 
of the unsaturated ingredient, the withdrawal technique will successfully lower carcass IV in 
a rapid and significant fashion.  High amounts of 18:2 consumption via the addition of 5% 
CO showed that an elevated load of dietary unsaturated fat intake makes lowering carcass IV 
and diluting 18:2 from the depot very difficult and may take as long as 61d.  The withdrawal 
of unsaturated dietary fat sources from the diet allowed de novo lipogenesis to make the 
depot fat in the pig more saturated, but this alteration of deposited fat composition did not 
translate into the improvement of belly firmness, depth, weight, or fat color that we had 
expected and hoped for. 
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Table 3.1. Ingredient composition (as-fed basis) of the experimental diets 
 d 0 to 42  d 42 to 82 
  2.5% 5% 5%   2.5% 5% 5% 
Item CNTR CO AV CO  CNTR CO AV CO 
Ingredient, %          
 Corn 79.35 75.40 71.44 71.44  82.91 78.95 74.98 74.98 
 Soybean meal (46.5% CP) 17.11 18.56 20.01 20.01  13.78 15.23 16.67 16.67 
 Corn Oil - 2.50 - 5.00  - 2.50 - 5.00 
 A-V Blend - - 5.00 -  - - 5.00 - 
 Limestone 1.00 1.00 1.00 1.00  1.00 1.00 1.00 1.00 
 Monocalcium Phosphate 0.77 0.77 0.77 0.77  0.67 0.67 0.50 0.51 
 Salt 0.50 0.50 0.50 0.50  0.50 0.50 0.50 0.50 
 L-lysine HCL 0.30 0.30 0.30 0.30  0.25 0.25 0.25 0.25 
 DL-methionine 0.05 0.07 0.08 0.08  - 0.02 0.03 0.03 
 L-threonine 0.09 0.10 0.10 0.10  0.06 0.07 0.08 0.08 
 Vitamin premix
1
 0.20 0.20 0.20 0.20  0.20 0.20 0.20 0.20 
 Trace mineral premix
2
 0.15 0.15 0.15 0.15  0.15 0.15 0.15 0.15 
 Titanium Dioxide 0.40 0.40 0.40 0.40  0.40 0.40 0.40 0.40 
 Santoquin 0.06 0.06 0.06 0.06  0.06 0.06 0.06 0.06 
Analyzed Composition          
 DM, % 90.23 90.83 90.37 89.77  90.40 90.51 89.63 90.68 
 GE, Mcal/kg 3.80 3.96 4.09 4.11  3.78 3.94 4.07 4.10 
 CP (N × 6.25), % 14.9 15.3 15.6 15.5  13.7 13.9 14.2 14.3 
 Crude Fat, % 2.99 4.95 6.98 6.85  2.75 4.61 7.32 7.28 
 Dietary Fat IV
3
, g/100g - 122.7 90.7 122.7  - 122.7 90.7 122.7 
 Diet IV
4
, g/100g 124.8 122.8 103.5 120.6  123.3 120.5 102.0 117.4 
1
Provided per kilogram of complete diet: vitamin A, 6,614 IU; vitamin D, 827 IU; vitamin E, 26 IU; vitamin K, 2.6 
mg; niacin, 29.8 mg; pantothenic acid, 16.5 mg; riboflavin, 5.0 mg; vitamin B12, 0.023 mg. 
2
Provided per kilogram of diet: Zn, 165 mg as zinc sulfate; Fe, 165 mg as iron sulfate; Mn, 39 mg as manganese 
sulfate; Cu, 17 mg as copper sulfate; I, 0.3 mg as calcium iodate; and Se, 0.3 mg as sodium selenite. 
3
Iodine value assayed via titration (Barrow-Agee Labs) 
4
Iodine value calculated by: (IV) = [C16:1] X 0.95 + [C18:1] X 0.86 + [C18:2] X 1.732 + [C18:3] X 2.616 + 
[C20:1] X 0.785 + [C22:1] X 0.723; brackets indicate concentration (AOCS, 1998) 
6
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Table 3.2. Effects of dietary fat withdrawal and dietary fat unsaturation load on growth performance 
Item Treatments Sex 
Trt 
SEM 
P-Value 
Source 2.5% Corn Oil 5% AV Blend 5% Corn Oil  
B G Trt Sex DFUL WD 
DFUL 
× WD 
Duratio
n, d 
21 42 63 21 42 63 21 42 63 0 
WD, d 61 40 19 61 40 19 61 40 19 82 
ADG, 
kg 
0.92 0.95 1.02 0.94 0.94 0.93 0.98 0.88 0.96 1.02 0.99 0.91 0.016 0.7 0.014 0.77 0.57 0.71 
ADFI, 
kg 
2.72 2.66 2.99 2.80 2.69 2.67 2.92 2.41 2.81 3.12 2.91 2.61 0.041 0.1 0.002 0.75 0.09 0.27 
G:F, kg 0.34 0.36 0.34 0.34 0.35 0.35 0.33 0.37 0.34 0.33 0.34 0.35 0.003 0.4 0.34 0.95 0.08 0.71 
6
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Table 3.3. Effects of dietary fat withdrawal and dietary fat unsaturation load on fatty acid intake 
Item Treatments 
Trt 
SE
M 
P-Value 
Source 2.5% Corn Oil 5% AV Blend 5% Corn Oil  
Trt Sex DFUL WD 
DFUL 
× WD 
Duration
, d 
21 42 63 21 42 63 21 42 63 0 
WD, d 61 40 19 61 40 19 61 40 19 82 
d0-21                 
16:0, g/d 17.7d 17.3d 19.3d 28.9a 27.6ab 28.5a 25.2abc 24.5bc 23.1c 11.2e 0.38 <0.01 0.48 <0.01 - - 
18:0, g/d 2.9bc 2.8bc 3.1b 12.9a 12.4a 12.7a 3.9b 3.8b 3.6b 1.8c 0.12 <0.01 0.47 <0.01 - - 
18:1, g/d 22.6d 22.0d 24.6cd 40.7a 38.8a 40.0a 31.2b 30.3b 28.6bc 14.3e 0.50 <0.01 0.44 <0.01 - - 
18:2, g/d 59.9c 58.4c 65.1bc 61.9c 59.0c 60.9c 81.3a 79.0a 74.5ab 38.1d 1.06 <0.01 0.72 <0.01 - - 
18:3, g/d 3.6c 3.5cd 3.9bc 6.1a 5.8a 6.0a 4.6b 4.5b 4.2bc 2.8d 0.08 <0.01 0.32 <0.01 - - 
d21-42                 
16:0, g/d 14.1d 21.8c 23.5c 14.8d 36.7a 36.5a 14.5d 29.9b 32.1ab 15.3d 0.50 <0.01 0.29 <0.01 <0.01 <0.01 
18:0, g/d 2.2e 3.5cde 3.8bcd 2.3e 16.4a 16.4a 2.3e 4.7bc 5.0b 2.4d 0.14 <0.01 0.44 <0.01 <0.01 <0.01 
18:1, g/d 18.1d 27.8c 30.0c 18.8d 51.6a 51.4a 18.6d 37.0b 39.8b 19.5d 0.65 <0.01 0.28 <0.01 <0.01 <0.01 
18:2, g/d 48.1c 73.7b 79.5b 50.2c 78.5b 78.2b 49.5c 96.5a 103.7a 51.9c 1.49 <0.01 0.27 <0.01 <0.01 0.15 
18:3, g/d 3.5e 4.4de 4.7cd 3.7e 7.7a 7.7b 3.6e 5.5bc 5.9b 3.8de 0.10 <0.01 0.14 <0.01 <0.01 <0.01 
d42-63                 
16:0, g/d 14.5d 14.0d 25.2c 14.9d 14.3d 37.8b 14.9d 12.7d 43.8a 16.6d 0.53 <0.01 0.77 <0.01 <0.01 <0.01 
18:0, g/d 2.7cd 2.6cd 4.0c 2.7cd 2.6cd 18.8a 2.7cd 2.3d 6.4b 3.0cd 0.16 <0.01 0.71 <0.01 <0.01 <0.01 
18:1, g/d 18.1d 17.4d 30.7c 18.5d 17.8d 57.2a 18.6d 15.8d 45.2b 20.6d 0.67 <0.01 0.66 <0.01 <0.01 <0.01 
18:2, g/d 49.7c 48.0c 81.0b 51.1c 48.9c 83.7b 51.1c 43.5c 121.9a 56.8c 1.48 <0.01 0.69 0.02 <0.01 <0.01 
18:3, g/d 4.1c 3.9c 5.1b 4.2bc 4.0c 7.8a 4.2bc 3.6c 7.3a 4.7bc 0.11 <0.01 0.45 0.01 <0.01 <0.01 
d63-82                 
16:0, g/d 10.8cd 11.6bcd 15.2a 11.8abcd 12.1abcd 12.4abc 13.8abc 8.8d 15.1a 14.4ab 0.35 0.01 0.12 0.85 <0.01 0.03 
18:0, g/d 2.0cd 2.1bcd 2.8a 2.2abcd 2.2abcd 2.3abc 2.5abc 1.6d 2.8a 2.6ab 0.06 0.01 0.12 0.85 <0.01 0.03 
18:1, g/d 13.4cd 14.4bcd 18.9a 14.7abcd 15.0abcd 15.4abc 17.1abc 10.9d 18.8a 18.9ab 0.44 0.01 0.12 0.85 <0.01 0.03 
18:2, g/d 36.9cd 39.7bcd 52.1a 40.4abcd 41.3abcd 42.5abc 47.2abc 30.0d 51.8a 49.2ab 1.21 0.01 0.12 0.85 <0.01 0.03 
18:3, g/d 3.0cd 3.3bcd 4.3a 3.3abcd 3.4abcd 3.5abc 3.9abc 2.5d 4.3a 4.0ab 0.10 0.01 0.12 0.85 <0.01 0.03 
d0-82                 
16:0, g/d 14.4e 16.3de 20.9bc 17.8cd 22.9b 29.2a 17.2de 19.2cd 28.9a 14.3e 0.34 <0.01 0.32 <0.01 <0.01 0.10 
18:0, g/d 2.4e 2.8de 3.4d 5.1c 8.5b 12.8a 2.9de 3.1de 4.5c 2.4de 0.10 <0.01 0.43 <0.01 <0.01 <0.01 
18:1, g/d 18.1e 20.6de 26.2c 23.4cd 31.2b 41.6a 21.5de 23.8de 33.4cd 18.1b 0.44 <0.01 0.28 <0.01 <0.01 0.04 
18:2, g/d 48.9e 55.3de 69.9b 51.1e 57.3cde 66.9bc 57.5cde 63.0bcd 88.9a 48.9e 0.97 <0.01 0.30 0.01 <0.01 0.14 
18:3, g/d 3.5e 3.8de 4.5c 4.3cd 5.3b 6.3a 4.1cde 4.0cde 5.4b 3.8cde 0.07 <0.01 0.11 <0.01 <0.01 0.19 
a,b,c
Within a row, means without a common superscript differ (P<0.05)
 
7
0
 
71 
 
 
Table 3.4. Effects of dietary fat withdrawal and dietary fat unsaturation load on fatty acid composition 
Item Treatments 
Trt 
SEM 
P-Value 
Source 2.5% Corn Oil 5% AV Blend 5% Corn Oil  
Trt DFUL WD 
DUFL 
× WD 
Duratio
n, d 
21 42 63 21 42 63 21 42 63 0 
WD, d 61 40 19 61 40 19 61 40 19 82 
d0                
14:0, % 0.9 1.1 1.1 0.9 0.9 1.1 0.9 0.9 1.2 1.1 0.06 0.96 0.95 - - 
16:0, % 23.5 21.7 21.9 21.4 22.8 22.5 23.8 21.7 23.1 20.3 0.28 0.39 0.68 - - 
18:0, % 12.0 12.4 11.2 12.5 11.3 11.5 10.8 11.6 11.9 11.1 0.20 0.76 0.74 - - 
18:1, % 42.3
a 
37.1
b 
42.6
a 
41.3
a 
43.2
a 
43.1
a 
42.1
a 
40.0
ab 
41.1
a 
43.0
a 
0.35 0.030 0.25 - - 
18:2, % 17.1
c 
20.7
ab 
17.3
c 
18.9
abc 
17.5
bc 
15.7
c 
16.6
c 
21.8
a 
17.4
bc 
19.1
abc 
0.35 0.029 0.43 - - 
18:3, % 0.5 1.0 0.6 0.5 0.4 0.4 0.7 0.7 0.9 0.8 0.06 0.53 0.16 - - 
20:1, % 0.3 0.9 0.7 0.6 0.4 0.6 0.6 0.2 0.7 0.9 0.05 0.13 0.63 - - 
d21                
14:0, % 0.9 1.2 1.2 1.2 1.2 1.3 1.2 0.9 0.9 1.1 0.04 0.32 0.12 0.98 0.25 
16:0, % 22.1 19.9 21.8 21.9 22.8 22.6 21.9 18.3 21.7 20.8 0.44 0.59 0.33 0.34 0.65 
18:0, % 11.3 10.6 9.3 10.7 10.3 11.1 10.8 8.7 11.2 11.3 0.23 0.41 0.77 0.22 0.27 
18:1, % 42.5 42.6 41.5 38.9 40.7 40.8 41.5 48.0 40.6 40.6 1.12 0.92 0.56 0.57 0.88 
18:2, % 17.8 19.2 20.4 20.1 18.6 19.0 18.8 18.2 20.0 21.3 0.59 0.98 0.98 0.80 0.92 
18:3, % 0.8 0.9 0.8 1.0 0.9 0.8 0.9 0.9 0.8 1.0 0.04 0.91 0.62 0.51 0.90 
20:1, % 0.9 0.8 0.8 0.9 1.0 0.7 0.9 0.9 0.7 0.9 0.03 0.81 0.87 0.23 0.80 
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Table 3.4 continued 
d42                
14:0, % 1.0 1.1 0.8 1.3 1.1 1.0 1.2 1.2 1.1 1.2 0.05 0.80 0.26 0.49 0.92 
16:0, % 21.3 20.5 21.5 21.0 21.4 21.3 20.2 21.7 20.3 21.6 0.35 0.99 0.89 0.95 0.87 
18:0, % 13.3 10.3 11.8 12.0 11.8 11.5 11.5 11.9 13.1 10.2 0.27 0.39 0.83 0.37 0.34 
18:1, % 42.8 41.7 39.7 41.6 45.1 43.6 41.6 40.8 39.1 42.9 0.54 0.51 0.16 0.45 0.64 
18:2, % 17.3 21.6 21.8 18.4 15.6 17.1 19.5 19.4 21.0 17.5 0.57 0.38 0.12 0.56 0.49 
18:3, % 0.6 0.9 0.6 0.9 0.8 0.8 0.9 0.8 0.8 0.8 0.05 0.94 0.47 0.88 0.80 
20:1, % 0.6 0.8 0.5 0.7 0.8 0.9 0.9 0.7 1.1 0.9 0.04 0.32 0.12 0.72 0.36 
d63                
14:0, % 1.1 1.3 1.0 1.4 1.2 1.1 1.2 1.1 1.1 1.2 0.04 0.61 0.58 0.25 0.66 
16:0, % 22.0
ab 
21.8
ab 
22.3
a 
22.6
a 
20.6
bc 
20.6
bc 
22.6
a 
22.6
a 
20.6
bc 
19.3
c 
0.17 0.001 0.040 0.002 0.057 
18:0, % 10.7 10.8 10.3 10.9 10.6 10.6 11.2 10.5 9.3 10.9 0.18 0.84 0.89 0.36 0.76 
18:1, % 47.0
bc 
43.5
bcd 
43.0
bcd 
43.8
bc 
43.4
bcd 
41.0
cd 
44.5
ab 
40.4
d 
41.8
bcd 
43.6
bc 
0.30 0.005 0.053 0.002 0.35 
18:2, % 14.6
d 
17.8
bcd 
19.1
abc 
15.7
cd 
18.9
abc 
21.3
ab 
15.3
cd 
22.4
a 
23.2
a 
17.2
cd 
0.39 <0.001 0.11 <0.001 0.51 
18:3, % 0.6
b 
0.6
b 
0.6
b 
0.7
ab 
1.1
a 
1.0
a 
0.7
ab 
0.9
ab 
1.1
a 
0.6
b 
0.04 0.038 0.003 0.20 0.62 
20:1, % 0.4 0.8 0.5 0.8 0.8 0.8 0.9 0.9 0.8 0.7 0.04 0.13 0.014 0.29 0.37 
d82                
14:0, % 1.2 1.3 1.2 1.3 1.3 1.2 1.4 1.1 0.9 1.1 0.03 0.13 0.25 0.054 0.31 
16:0, % 22.1 20.4 21.6 22.5 20.2 22.6 19.4 21.3 19.7 17.9 0.58 0.91 0.59 0.89 0.79 
18:0, % 10.9 11.1 11.8 9.2 11.3 11.8 10.7 11.0 10.3 11.6 0.24 0.69 0.64 0.40 0.50 
18:1, % 44.9 45.1 40.4 49.2 46.1 40.7 45.8 40.0 42.4 49.2 0.67 0.11 0.47 0.045 0.38 
18:2, % 14.5
de 
16.6
cd 
18.9
abc 
12.2
e 
15.4
cde 
17.4
bcd 
16.6
cd 
20.5
ab 
21.4
a 
15.0
cde 
0.37 
<0.001 
<0.00
1 
<0.001 0.96 
18:3, % 0.7 0.6 0.7 0.4 0.6 1.0 0.5 0.7 0.7 0.4 0.03 0.16 0.81 0.08 0.17 
20:1, % 0.7 0.9 1.0 0.5 0.7 0.9 0.6 1.4 1.2 0.4 0.08 0.35 0.26 0.12 0.82 
a,b,c
Within a row, means without a common superscript differ (P<0.05) 
 
 
7
2
 
73 
 
 
Table 3.5. Effects of gender on fatty acid composition 
Item Sex 
Sex 
SEM 
P-Value 
Source 
B G Sex Duration, d 
WD, d 
d0     
14:0, % 1.0 1.0 0.06 0.80 
16:0, % 22.1 22.4 0.29 0.69 
18:0, % 11.8 11.4 0.22 0.40 
18:1, % 41.7 41.1 0.48 0.56 
18:2, % 18.0 18.8 0.46 0.39 
18:3, % 0.6 0.7 0.07 0.45 
20:1, % 0.6 0.6 0.07 0.91 
d21     
14:0, % 1.2 1.0 0.05 0.17 
16:0, % 21.5 21.0 0.53 0.56 
18:0, % 10.6 10.2 0.28 0.40 
18:1, % 41.5 42.1 1.32 0.79 
18:2, % 19.0 19.8 0.66 0.55 
18:3, % 0.9 0.9 0.04 0.66 
20:1, % 0.9 0.8 0.04 0.25 
d42     
14:0, % 1.1 1.0 0.05 0.34 
16:0, % 21.8 20.1 0.36 0.018 
18:0, % 12.0 11.6 0.31 0.51 
18:1, % 40.6 43.5 0.60 0.014 
18:2, % 19.5 18.3 0.69 0.35 
18:3, % 0.8 0.8 0.05 0.98 
20:1, % 0.8 0.8 0.05 0.96 
d63     
14:0, % 1.2 1.1 0.04 0.31 
16:0, % 21.7 21.2 0.23 0.28 
18:0, % 10.6 10.7 0.21 0.82 
18:1, % 43.1 43.4 0.44 0.72 
18:2, % 18.4 18.5 0.61 0.91 
18:3, % 0.7 0.8 0.05 0.34 
20:1, % 0.7 0.8 0.05 0.58 
d82     
14:0, % 1.2 1.1 0.04 0.25 
16:0, % 22.0 19.7 0.59 0.054 
18:0, % 10.7 11.2 0.27 0.34 
18:1, % 44.1 43.5 0.83 0.71 
18:2, % 15.9 18.6 0.52 0.012 
18:3, % 0.64 0.68 0.04 0.62 
20:1, % 0.91 0.87 0.09 0.83 
a,b,c
Within a row, means without a common superscript differ 
(P<0.05) 
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Table 3.6. Effects of dietary fat withdrawal and dietary fat unsaturation load on calculated iodine value
1 
Item Treatments Sex 
Trt 
SEM 
P-Value 
Source 2.5% Corn Oil 5% AV Blend 5% Corn Oil  
B G Trt Sex DFUL WD
2 Durati
on, d 
21 42 63 21 42 63 21 42 63 0 
WD, d 61 40 19 61 40 19 61 40 19 82 
d0
1 
70.2 73.7 71.4 72.5 71.7 68.9 69.4 76.6 70.9 75.4 72 73 0.56 0.17 0.50 0.63 - 
d21
1 
72.3 75.7 76.5 74.5 73.0 73.1 73.8 78.0 74.9 77.5 74 76 0.58 0.52 0.16 0.40 0.51 
d42
1 
70.8 77.9 75.8 73.3 70.7 72.3 74.9 73.5 75.1 72.6 73 74 0.73 0.61 0.71 0.39 0.73 
d63
1 
70.0
e 
72.5
cde 
74.4
bcde 
69.9
e 
75.8
abcd 
77.7
abc 
69.8
e 
78.5
ab 
81.5
a 
72.0
de 
74 74 0.54 <0.01 0.67 0.12 <0.01 
d82
1 
68.9
 
72.5
 
72.2
 
68.2
 
71.2
 
70.9
 
73.2
 
75.1
 
78.0
 
72.0
 
71 75 0.68 0.20 0.01 0.02 0.18 
a,b,c
Within a row, means without a common superscript differ (P<0.05) 
1
IV was calculated by: (IV) = [C16:1] X 0.95 + [C18:1] X 0.86 + [C18:2] X 1.732 + [C18:3] X 2.616 + [C20:1] X 0.785 + [C22:1] X 0.723; brackets 
indicate concentration, % (AOCS, 1998) 
2
No significant DFUL × WD was observed (P>0.35) 
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Table 3.7. Effects of dietary fat withdrawal and dietary fat unsaturation load on carcass IV measured via direct titration 
Item Treatments Sex 
Trt 
SEM 
P-Value 
Source 2.5% Corn Oil 5% AV Blend 5% Corn Oil  
B G Trt Sex DFUL WD 
DFUL 
× WD 
Duration, d 21 42 63 21 42 63 21 42 63 0 
WD, d 61 40 19 61 40 19 61 40 19 82 
Jowl IV
1 
70
cd 
71
bcd 
72
bc 
67
d 
70
bcd 
72
bcd 
70
bcd 
74
ab 
77
a 
69
cd 
71 72 0.42 0.003 0.30 0.01 0.01 0.43 
1
Iodine value assayed via titration (Barrow-Agee Labs) 
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Table 3.8. Effects of dietary fat withdrawal and dietary fat unsaturation load on carcass fat and belly characteristics 
Item Treatments Sex 
Trt 
SEM 
P-Value 
Source 2.5% Corn Oil 5% AV Blend 5% Corn Oil  
B G Trt Sex DFUL WD 
DFUL 
× WD 
Duration, d 21 42 63 21 42 63 21 42 63 0 
WD, d 61 40 19 61 40 19 61 40 19 82 
Durometer 39.8 38.0 38.4 43.3 44.8 30.8 32.5 28.8 31.6 36.7 38 34 1.14 0.10 0.14 0.023 0.5 0.27 
Belly 
Firmness
1 1.8 2.3 2.4 2.3 2.0 2.5 2.5 3.0 2.8 2.7 2.2 2.6 0.08 0.16 0.031 0.022 0.3 0.58 
Belly 
Weight, kg 7.9 7.4 8.6 8.9 8.6 7.8 8.1 7.5 8.2 8.4 8.5 7.7 0.18 0.84 0.034 0.61 0.7 0.60 
Belly ET
2
, 
cm 
3.0 3.0 3.3 3.6 3.3 2.8 3.0 2.5 2.8 3.0 3.3 2.5 0.02 0.85 <0.01 0.35 0.9 0.62 
Belly MT
3
, 
cm 
2.4 2.1 2.5 2.8 2.3 2.0 2.2 2.1 2.2 2.5 2.5 1.8 0.05 0.46 0.012 0.53 0.3 0.21 
l star 73.9 72.9 75.0 74.6 75.4 72.8 75.6 74.2 74.5 76.4 75 74 0.35 0.68 0.13 0.79 0.9 0.44 
a star 6.4 5.8 5.0 4.9 6.0 5.3 5.9 6.0 6.1 5.8 5.6 6.0 0.15 0.57 0.22 0.52 0.5 0.34 
b star 5.5 5.4 5.9 4.6 5.8 5.0 6.2 5.7 5.7 7.2 5.6 5.8 0.15 0.07 0.68 0.38 0.9 0.57 
a,b,c
Within a row, means without a common superscript differ (P<0.05) 
1
Measured by a subjective score of 1, 2, or 3 with 1 being the firmest 
2
Measured on the middle scribe side edge of the belly 
3
Measured in the middle of the belly 
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Table 3.9. Effects of dietary fat withdrawal and dietary fat unsaturation load on carcass characteristics 
Item Treatments Sex 
Trt 
SEM 
P-Value 
Source 2.5% Corn Oil 5% AV Blend 5% Corn Oil  
B G Trt Sex DFUL WD 
DFUL 
× WD 
Duration, d 21 42 63 21 42 63 21 42 63 0 
WD, d 61 40 19 61 40 19 61 40 19 82 
HCW, kg 103
 
96
 
105
 
103
 
105
 
100
 
106
 
101
 
101
 
105
 
105 100 1.26 0.90 0.062 0.96 0.7 0.60 
Loin depth, 
cm 
5.9 6.6 6.5 6.9 7.3 5.6 6.8 6.2 6.6 6.2 6.6 6.2 0.13 0.61 0.17 0.88 0.8 0.24 
Backfat 
depth, cm 
2.04 1.79 2.24 2.25 2.31 1.97 1.99 1.53 1.98 1.93 2.15 1.82 0.05 0.14 0.006 0.010 0.3 0.12 
a,b,c
Within a row, means without a common superscript differ (P<0.05) 
7
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CHAPTER IV 
SUMMARY AND CONCLUSIONS 
 For the past century, researchers have studied the impact of dietary fat intake on pork 
carcass fat composition.  Recently, prominent pork processors have put more emphasis on 
measuring the degree of unsaturation of pork carcass fat employing the iodine value 
measurement.  This has created a priority of finding a more accurate way to predict pork 
carcass iodine value.  This thesis focused on using individually housed pigs and adipose 
biopsies to measure the impact daily fatty acid intake has on deposited body fat and pork 
carcass fat composition on an individual basis.  The data generated in this thesis more 
precisely explained the impact of dietary fatty acid intake on pork fat quality and investigated 
the potential use of using dietary linoleic acid intake as a predictor of carcass iodine value. 
 We determined that employment of daily linoleic acid intake can be used as a 
predictor of carcass fat iodine value, and that it has advantages over the current prediction 
tool used in the industry, namely iodine value product.  Furthermore, we showed that limiting 
linoleic acid intake prior to harvest or on a daily basis is a key to ensuring pork carcass fat 
meets quality standards set by pork processors.   
 However, the true application of using dietary linoleic acid intake or concentration as 
a predictor of carcass fat iodine value and other carcass traits will need to be replicated in a 
commercial setting.  This will allow for the generation of a robust equation to determine 
carcass fat iodine value based on the linoleic acid intake or concentration of the diet.  In 
addition, we found that improving carcass fat iodine value through dietary fat withdrawal 
prior to harvest did not result in improvements in other quality traits such as belly firmness 
and fat color.  Thus, more research should be applied to determining if carcass fat iodine 
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value is truly the best measurement to employ as a standard of pork fat quality, or if another 
measure such as a durometer is better correlated with the improvement of multiple carcass fat 
traits.  
 In the future, researchers should focus on developing a model that accurately depicts 
the composition of deposited pork fat.  Since there are data showing how dietary fat alters 
pork fat composition, more emphasis should be placed on how changes in lipolysis or de 
novo lipogenesis can alter pork fat composition.  Thus, potential research could be focused 
on but not limited to: determining the effects of energy status of the pig on pork fat 
composition, determining the effects of seasonal heat-stress on pork fat composition, and 
further refinement of the actual energy value of different sources of dietary fat, and how 
those different fat sources inhibit de novo lipogenesis. 
 To conclude, if pork processors continue to standardize the composition of pork 
carcass fat, than science needs to continue to characterize how pork fat composition can be 
altered more precisely, especially via the diet. 
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